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Priority Date (dayfymmth/year) 
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The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
mtemational preliminary examination report and its annexes, if any . established on the international application. 

A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

Where required by any of the elected Offices, the International Bureau will prepare an English translation of 
the report (but not of any annexes) and will transmit such translation to those Offices. 

REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices)(Article 
39(l))(see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices see Volume II of the 
PCT Applicant's Guide. 
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Applicant's or agent's file reference 
5687-009 


FOR FURTHER ACTION See Notification of Transmittal of International 

Preliminary Examination Report (Form PCT/IPEA/416^ 


Interaationai application No. 
PCT/US99/20418 


International filing date (day/month/year) 
07 SEPTEMBER 1999 


Priority date (day /month/year) 
10 SEPTEMBER 1998 


TD^^°°o^^!^^.^^'^'''*'''*^°° ^^P^> °f national classification and IPC 
IPC(7): HOIR 12/04 and US CI.: 174/262 




Applicant ~ 

VIASYSTEMS GROUP, INC. 



' ExlminlrA'T'^"''"?'"'"^ examination report has been prepared by this International Preliminary 
Exanumng Authonty and is transmitted to the applicant according to Article 36. 'unmary 

2. This REPORT consists of a total of */ sheets. 

□ -nds report is also accornpanied by ANNEXES, i.e.. sheets of the description, claims and/or drawings which have 

S'^'^le'aid"^.'*^ "^^^'^^ 1?'" "^"""^ "^"^'^ rectifications made before L ori^ 

(see Rule 70. 16 and Section 601 Admmistrative Instructions under the PCT). 

These aimexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



I 




II 
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III 


□ 


IV 


□ 


V 


[3 


VI 


□ 


VII 


□ 


VIII 


□ 



owiMsmciii uiiucr /Ajiicie wiln regard 1 

citations and explanations supporting such statement 




Date of completion of this report 
14 SEPTEMBER 2000 



Name and mailing address of the IPEA/US 

Commissioner of Patents and Trademarks 

Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 



Form PCT/IPEA/409 (cover sheet) (July 1998)* 



Authorized officer 
^ USPTO /^^^HH KIO QcAvlc^o 
(Telephone No. (703) 308-1233 ^ 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US99/20418 



L Basis of the report 



1 . M^tti regard to the eKements of the international application:'*' 
I X| tlie international application as originally filed 
the description: 



pages 
pages 
pages 



-19 



NONE 



NONE 



. filed with the leUer of 



. as originally filed 

, filed with the demand 



fx] the claims: 



pages 
pages 
pages 
pages 



20-33 



NONE 



NONE 



NONE 



. as originally filed 

. , as amended (together with any statement) under Article 1 9 
, filed with the demand 



, filed with the letter of 



I x| the drawings: 



pages 
pages 
pages 



1-4 



NONE 



NONE 



, filed with the letter of , 



, as originally filed 

, filed with the demand 



fx] the sequence listing part of the description: 
pages NONE 



pages . 
pages . 



NONE 



NONE 



, filed with the letter of . 



. as originally filed 

, filed with the demand 



2, With regard to the language, all the elements maiked above were available or ftimished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item 

These elements were available or furnished to this Authority in the following la^uage v^ch is 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55 2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the secjuence listing- 

□ contained in the international application in printed form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently fumished written sequence listing does not co beyond the disclosure in the 

' — * mtemational application as filed has been furnished. 

I I b^n^S^hed^^ infomiation recorded in computer readable form is identical to the writen sequence listing has 



4 I x1 The amendments have resulted in the cancellation of: 

LiSi the description, pages 

the claims, Nos. none 



the drawings, sheets/fig "oi^e 



5. [x] This report has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).* ♦ 
* Replacement sheets vJiidi have beenjunxished to the receiving Office in response to an invitation under Article 14 are referred to 
5r??^''f£f"^ ^ "^'^gff^^fy fii^d" and are not annexed to this report since they do not contain amendments (Rules 70 16 
and 70.17). 

**Any replacement s heet containing such amendments must be referred to under item 1 and annexed to this report. 
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International application No. 
PCT/US99/20418 


V. RcMoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 


1 . statement 






Novelty (N) 


Claims 1-26 


YP5; 




Claims none 


MO 


Inventive Step (IS) 


Claims 1-26 


VVR 




Claims none 


MO 



Industrial Applicability (lA) Claims 1-26 YES 

Claims none j^q 

2. citations and explanations (Rule 70.7) 

Claims 1-26 meet the criteria set out in PCX Article 33(2X4). because the prior art does not teach or fairly suggest the 
followmg.Thc Sen et al. reference which is indicated as disclosing the claims with the convoluted through hole does not 
teach the the claimed combination with the through hole being plated. 



_ NEW CITATIONS 

NONE 



Form PCT/TPE A/409 (Box V^ rJulv 1998^+ 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 




Continuation of: Boxes I - VIII 
I. BASIS OF REPORT: 



Sheet 10 



M/^S^^^ amendments are considered to go beyond the disclosure as filed: 
NONE 
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W I PO 



FOR FURTHER ACTION Notification of Transmittal of International 

Preliminary Examination Report (Form PCT/IPEA/416) 



International application No. 
PCT/US99/204I8 



International filing date (day /month/year) 
07 SEPTEMBER 1999 



Priority date (day /month/year) 
10 SEPTEMBER 1998 



International Patent Classification (IPC) or national classification and IPC 
IPC(7): HOIR 12/04 and US CI.: 174/262 



Applicant 
VIASYSTEMS GROUP, INC. 



This international preliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted tcr the applicant according to Article 36. 



2. This REPORT consists of a total of 



ted tcr the app 

V sheets. 



I I This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority, 
(see Rule 70.16 and Section 607 q^the Administrative Instructions under the PCT). 

These aimexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 
I [ ^1 Basis of the report 
II Priority 

HI I I Non-establishment of report with regard to novelty, inventive step or industrial applicability 

IV I I Lack of tmity of invention 

V fx] Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 

VI [ [ Certain documents cited 

VII I I Certain defects in the international application 
VIII I I Certain observations on the international application 



Date of submission of the demand 



13 MARCH 2000 



Date of completion of this report 
14 SEPTEMBER 2000 



Name and mailing address of the IPEA/US 

Conunissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 2023 1 
Facsimile No. (703) 305-3230 



Authorized officer 



^ USPTO /^r^ H H n Goivic^o'-^^iV^^^-^^^^ 



jTelephone No. (703) 308-1233 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US99/20418 



L Basis of the report 



1 . With regard to the elements of die intematioaal application:'^ 
the international application as originally filed 
the description: 

pages 

pages 



1-19 



NONE 



_ , as originally filed 
filed with the demand 



pages 



NONE 



filed with the letter of 



I x| the claims: 

pages 20-33 

pages NONE 

pages NONE 

pages 



, as originally filed 

. , as amended (together with any statement) under Article 1 9 
» filed with the demand 



NONE 



filed with the letter of 



I x| the drawings: 



pages 
pages 
pages 



1-4 



NONE 



, as originally filed 

. filed with the demand 



NONE 



, filed with the letter of , 



I x| the sequence listing part of the description: 
pages NONE 



pages 
pages 



NONE 



, as originally filed 

filed with the demand 



NONE 



, filed with the letter of . 



2. With regard to the language, all the elements maiked above were available or furnished to this Authority in the language in which 
the international apphcation was filed, unless otherwise indicated under this item 

These elements were available or furnished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminaiy examination (under Rules 55,2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in printed form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

□ The statement that the subseauently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the infom[iation recorded in computer readable form is identical to the writen sequence listing has 
' been furnished. 



4 I ^1 amendments have resulted in the cancellation of: 

CEl the description, pages "^^^ 

the claims, Nos. 



I x| the drawings, sheetsi^f^g ""^^ 



5. [X I This report has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 
and 70 AT), 

**/4nv replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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International application No. 
PCT/US99/20418 



^' fu^fZ^"^ statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement appncaDiuiy, 



1 . statement 

Novelty (N) 



Inventive Step (IS) 



Claims 1-26 



Claims none 



Claims 1-26 
Claims none 



YES 
NO 

YES 
NO 



Industrial Applicability (lA) 



Claims 1-26 
Claims none 



YES 
NO 



2. citations and explanations (Rule 70.7) 



Si^lL'Tt T f ""r" °"V." ^'^^^"^^ '---^ - fairly suggest the 

teach T th f T "I "'f " ^^^''"^ — '"^^'^ through hole does not 

teach the the claimed combination with the through hole being plated. 



NONE 



NEW CITATIONS 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: Boxes I - VIII 
I. BASIS OF REPORT: 

5. (Some) amendments are considered to go beyond the disclosure as filed- 
NONE 
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From the INTERNATIONAL SEARCHING AUTHORITY 



To: LAWRENCE E. EVANS. JR. 

HERZOG. CREBS & MCGHEE. LLP 
ONE CITY CENTRE, 24TH FLOOR 
5 1 5 NORTH SIXTH STREET 
ST. LOUIS MO 63101-2409 
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pel 



DEC I 0 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 



(PCT Rule 44.1) 





^day^»uhfyear) 02 D E C 1999 


Applicant's or agent* s file reference 
5687-009 


FOR FURTHER ACTION See paragraphs 1 and 4 below 


International application No. 
PCTAJS99/20418 


International filing date 
(day/month/year) 

07 SEPTEMBER 1999 


Applicant 
VIASYSTEMS GROUP, INC. 



The applicant is hereby notified that the international search report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
international search report; however, for more details, sec the notes on the accompanying sheet 

Where? Direcdy to the International Bureau of WIPO 
34, chemin des Colombettes 
121 1 Geneva 20, Switzerland 
Facsimile No.: (41-22) 740.1435 

For more detailed instructions, sec the notes on the accompanying sheet 



2. rn The applicant is hereby notified that no international search report will be established and that the declaration under 
I — I Article 17(2Xa) to that effect is transmitted herewith. 



3- With regard to the protest against payment of (an) additional fec(s) under Rule 40^, the applicant is notified that 

j I the protest together with the decision thereon has been transmitted to the International Bureau together with the 
I — I applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

I I no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 



4. Further action(s): The applicant is reminded of the following: 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. If 
the applicant wishes to avoid or postpone publication, a notice of withdrawal of the intcfnational application, or of the 
priority claim, must reach the ktemational Bureau as provided in niles 90 to 1 and 90 Iris 3, respectively, before the 
completion of the technical preparations for international publication. 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to pos^e die entry into the national phase until 30 months from the priority date^ some OfGces even later). 

Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase before 
all designated Offices which have not been elected in the demand or in a later election within 19 months from the priority 
date or could not be elected because they are not bound by Chapter II. 





Name and mailing address of the ISA/US 

Commistioaer of Frtents and Trademarks 
Box PCT 

Wathtagtoft, D.C 20231 / 
FacsimUe No. (703) 305-3230 


Authorized officer ' 

/kamand cui^eo^^ 

( Telephone No. (70^ 308- 1 233 


Form PCT/ISA/220 (January 1994)* 


(See notes on accamponyinf? sheet) 
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PCT 

INTERNATIONAL SEARCH REPORT 
(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent* s file reference 
5687^09 


FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION (Fonn PCT/ISA/220) as well as, where applicable, item 5 below. 


International application No. 
PCT/US99/20418 


International filing date (day/monlh/year) 
07 SEPTEMBER 1999 


(Earliest) Priority Date (day/^rumth/year) 
10 SEPTEMBER 1998 


Applicant 

VIASYSTEMS GROUP, INC. 



This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
accordmg to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of sheets. 

[x] It is also accompanied by a copy of each prior art document cited in this report. 



1. 1^ Certain claims were found unsearchable (See Box I). 

2. Unity of invention is lacking (See Box II). 



3. 



r— j The mtemational application contains disclosure of a nucleoHde and/or amino acid sequence Ustlng and the 
I — I mtemational search was carried out on the basis of the sequence listing 

I [ filed with the international application. 

I I furnished by the applicant separately from the international application, 

I I no* accompanied by a statement to the effect that it did not include matter 
going beyond the disclosure in the international application as filed. 
I I transcribed by this Authority. 



4. With regard to the tide, [x| the text is approved as submitted by the applicant 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

I I the text is approved as submitted by the applicant 

[x| the text has been established, according to Rule 38^(b), by this Authority as it appears 
in Box III. The applicant may, within one month from the date of mailing of this 
international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is: 

Figure No, J — _ 1^ ^ suggested by the applicant p-i 

□ None of the figures, 
because the applicant failed to suggest a figure. ^""^ 

Q because this figure better characterizes the invention. 



Form PCT/ISA/210 (first sheetXJuIy 1992)* 



INTERNATIO' L SEARCH REPORT 



«matioaal application No. 
FCT/US99/20418 



Box III TEXT OF THE ABSTRACT (Continuation of Item 5 of the first sheet) 



Non-cicular micro vias (102) for printed circuit boards are disclosed and a method 
of making them. 
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INTERNATION \ SEARCH REPORT 



^mational application No. 
.CT/US99y20418 



A; CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :H01R 9/09 
US CL : 174/262 

According to International Patent Classification (IPC) or to both national classification and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 174/262, 260. 261.264, 265, 35R. 255 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
NONE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 

Y 
Y 



us 5,414,222 A (SEN et al.) 09 MAY 1995, (09/05/95) FIGS 2-3F 



US 5,522,132 A (MATTEI) 04 JUNE 1996, (04/06/96) FIG 5 

US 5,734,560 A (KAMPERMAN et al.) 31 MARCH 1998 
(3F1/03/98) IGS 1-2 

US 5347086 A (POTTER et al.) 13 SEPTEMBER 1994, (13/09/94) 
FIG 3 

US 5,442,144 A (CHEN et al.) 15 AUGUST 1995, (15/08/95) FIG 



1,7,8,3-16,17-19 
3-4 

5 

3-4 



□ 

Further documents are listed in the continuation of Box C. | | See patent family annex. 



special categoriu of cited document: 
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ABSTRACT 



An improved multilayer integrated circuit package. 
The package, which has a plurality of layers of conduct- 
ing leads, has metal vias which ccHmects leads in a first 
layer connected to leads in a second layer. The im- 
provement comprises havmg at least on of the vias with 
a cross-section such that the via is much larger m a first 
direction than in a second direction generally perpen- 
dicular to the first direction. 

4 Claims, 2 Drawing Sheets 
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1 2 
MULTILAYER IC SEMICX>NDUCrOR PACKAGE BRIEF DESCRIPTION OF THE DRAWINGS 

12, 1992, now U.S. Pat. 5,304,743. 5 taUed Description of Preferred embodiment(s) with 

BACKGROUND OF THE INVENTION reference to the foUowing drawings: 

. This patent applic^Uon is related to packaging of .SyLin^te^S^^lS^f ''^^ '^^^^ 

SSS'p^tSS^ .0 ^^^j-^P'oSviewofaviacon- 

*!. 1" necting two leads on separate laveis of a multilaver 

After the processing of a semiconduaor wafer is package. wycn, oi a muiiuayer 

complete, the individual integrated circuit units, or die. tttoq ^ a ^ , 

areseparatedandencasedin^efonnofpacEgingi acSSLtotri.^. "^"^^ °^ 

that the integrated circuit can be safely hS^fnd ^^"^-^e^^ ^^0"^ embodiments of the present inven- 

mounted in an electrical system. Tlie integrated drcuit 15 

package has conducting wire leads which are con- DETAILED DESCRIPTION OF PREFERRED 

nectcd by wires to bonding pads on the mtegrated cir- EMBODIMENT(S) 

cuit in the interior of the package, Ccnmected to the T^ta i ;« . ,^ r ^ 

outside of the package, the wire leads provide a path for • , , ^ ? P°^^ «° exemplary 

commmiicating with the encased integrated dS 20 ^Lu^^i. a multdayer mte^ed circuit package. 

Among the various types of packages are multilayer ^ ^l^^ ."^ ™^ ^^"^ material 
packages. Such packages are useful for integrated dr- T conducting mctaUic materials formed on 
cuits having a large number of bonding pads and there- ^^^^^ ^l^' multilayer package typicaUy has 
fore requiring a large of number of conducting leads. u^^^ of these layers with conducting leads sand- 
Such integrated circuits include microprocessors, gate 25 between a top and bottom layer to complete the 
array, and other kinds of ASia(AppIk:ation Specific P^2^«- . ^ 

Integrated Circuit), which therefore require a large »t s^^oula be noted that this invention is not 

number of conducting leads. lumted to ceramic packagmg only, bu t is applicable to 

A conmion problem m semiconductor parVag ifig padcaging using thidc and thin fihns^lECT" miter^ 

tedmology is the noise generated by simultaneously 30 as FR4, polyimidcs such as K^ton anlllpipfc, 

switching signals, such as those on a data bus, by the ^ combinations of dielectric and conductmg 

adjacent leads. For example, it is common that the materials. 

amount of current in a lead to rise or drop 75 milliam- ^ shown in FIG. 1, a multitude of conducting leads 

peres in magnitude within 1 nanosecond. With parasitic ®^ * ceramic substrate 10 surround a central cavity 
mductive coiq>lmg, particulariy between power/- 35 ^''^c^^^vity 12 receives an integrated circuit and wire 

ground leads and adjacent leads, signal switching on ^ bonded between the ends of the conducting 

one lead can cause spurious voltages, i^e., noise, to be and the bonding pads on the integrated circuit 

genoated on the adjacent leads of the package. These conducting leads 11 lead to the exterior of the 

spurious voltages lead to the sensing of erroneous ag- package. Agam, it should be noted that the present 

nals on the adjacent leads. 40 "ivcntion is not limited to wire bonding, but is equally 

Various solntk>ns have long been sought to avoid applicable to TAB, flip-diip, and other types of die-to- 

these problems. Among the solutions have been the package interconnects. 

design of the int^rated circuit to slow down the slew As can be seen in FIG. t the leads 11 are tightly 

rate of the driver circuits to avdd ddeterious noise packed around the cavity 12. Hence additional leads on 

from outgoing signals from the integrated circuit How- 45 other ceramic layers are used to provide access for 

ever, this is not an optimal solution because the inte- electrical signals to and from the integrated circuit The 

grated circuit is slowed. Generally the £sster the opera- conducting leads on difTereot layers are connected by 

tbn of an dectrical system, the better the system. vias through die oeramu: material Heretofore these vias 

Other solutions have induded xeductng the number bave been circular or square in cross-section. Such 
of sinraltancously switching output signals, increasing 50 circular vias arc shown by vias 13. FOTOToductogkads 
the distance between switching leads, providing more v^iudiairrY lai^ggLcurrMifg, ""^It fole paralTdHTODnecfed 

power and ground pins, adding large "deadpanning" vias in dose proximity are used to reduce tfaggfrimt 

capadtors, deskewing the switching bus and so forth. detS^^ toough each ^ia. Such multiple paralld-oon- 

On the other hand, the present invention sdves or uected vias are in FIG. 1 by vias 15. Of course, to re- 
substantially midgates this problem without any of 55 duce the complexity of the drawmg, it should be noted 
these drawbacks and permits the integrated drcuit in its that not all of the via 13 and IS are shown in FIG. 1. 

padcage to operate cffectivdy at higjiswitchmg speeds. However, while xedudng the problem of current 

SUMMARY OF THE INVENTION iS?^ F"^ r«istanoe, the paraUd<5on- 

X vrr Anc^u^Yxu^iiiurt nected vias still have thf^ pmhlrms fflrpd hy.^^vias, \ 

Tne present mvention provides for an improved mul- 60 Le^Jas ge parasitic faidactapce s. MoreovrnvS^aSllpi- ^ 
ta^cr integrated drcuit package. The padcaee,whidi conneg^35as ^er inci^ tted capadtance therdnr 

has a plurality of layers of conductmg leads, has metal dowjng fflfrn^io^jC^^p- — 

vias whidi connects leads in a first layer connected to In contrast, the present hivention uses vias vA^h 
le«k in a second layer- The in^irovement comprises have idativdy tew parastb inHnctanrfs and rcsis- 
^ving at least one <^ the vias with a ctoss^ecdon audi 65 tances. FIG. 1 shows two vias 14A and 14B according 
tfaattfaeviaismndilargeriaafixstdkectionthanhia to the present invention. Via 14A is placed such that, in 
second directiott generaUy perpendicular to said first a ctoss^ectional view, its bug axis is generally perpen- 
""^^'^ dicular to the longitudmal axis of die conducting lead. 
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while via 14B has its cross-sectional long axis generaUy ground planes with connections passing through holes 

perpendicular with the axis of the conducting lead in the vias of opposite type. 

In accordance with the present invention, vias, as With large circular and square vias. it is difficult to'^^ 

seeu m a cross-sectional top view, are much larger in make these connections at as many and specific loca- 

one direction compared to a direction perpendicular to ^ tions as desired. With vias according to the present 

the first direction. This aIlow^_cach,yia to have a large invention, on the other hand, these connections can be 

total C|Xiss::5ectional-aiea-to4ower the4mped^cig^ conveniently made at desired locations. These connec- 

via, w hile insuri n gJhaL&ft, voids are created in the via provide shielding for the signals on the leads 11, 

durin8-4he-manufacturing--process^QLthe~M In which arc located on layers between the power and 

ceramic packaging, for example. vias"arc formed" in ground plane layers. 

through-holes in an intermediate ceramic sheet to con- shielding of signals can be seen from a side cross- 

nect leads on different ceramic sheets. The through- view of the package, which intersects any two 

hole is filled with a paste from a metal, such as tungsten connections. From this view any leads between 

Then the ceramic sheet is fired, along with the rest of ,c ^''^ P^^^ connections appear to be surrounded by a 

the package. If the through-hole is too large undesir- "^^^'^P^s band of conducting material In other 

able voids are formed mUie resultin^S.^^^ >vords^as^^^ 

firing. Withthepn^ntinvention.theshortraSof^^^ F^h™/^^^^^^ 

via cross-section m a ceramic okckace is k^at l«t f^^l^orc, the vias accordmg to the present inven- ^ 

^ thf^ metaUic paste and no vokis are formed FIGS, SA-^F illustrate various cross^tional top 

Sg^-J^ T "^^^ ^. . views of vias accordmg. to the present i^n^tS 

FIG. 2 illustrates a via accordmg to the present m- via in HG. 3A is simply a long rectangle Hie FIG 3B 

yention. A via 24 havmg an elongated oval cross-sec- via is a long oblong. In FIG. 3C the via is a seri^ of 

tion connects a lead 21 on a layer 20 to a lead 31 on a 25 interconnected circles. This shape allows the iarcular ' 

second layer 30. Each lead 21 and 31 is part of a large PUnch which is presently used to create vias to be used 

number of leads formed respectively on the layers 20 The FIG. 3D via is a series of interconnected rectangles 

and 30. The via 24 is formed through the layer 20. Be- different sizes. The rectangles arc generally aligned 

sides two leads, a via in accordance with the present ^^^^ axes. This shape allows two diffeienay 

invention could connect two conducting planes, or a rectangular punches to be used to create vias ac- 

Siead and a plane on separate layers equally well. cording to the present invention. In FIG. 3E the via is 

ith the large cross-sectional area, a via accordmg to ^ series of drcles mteroonnected by rectangles. As in 

jrescnt invention has a k>wer res istance than a stan- ^ interconnecting rectangles are 

via. Contact resistance^ Lc, rcsS^mSe of the mter- „ f^^X aligned along thar long axes. This is also true 

ace between the via and the lead, is also lowered. Com- [^"^^ ^^G. 3F. The interconnecti^ 

p ued to parallel-connected vias. a via accordmg to the Jf^Sles hnk is a series of oblongs which also have 

p resent invention has a much lower capadtan^TTicse iSd^"^ generally ahgncd with the axes of the 

teSwE^^ 3£the above is a complete de^^^^^ 

S^^^^e'STn^^ should be evident that the ?rSrv<^at^? 

£^?h r*^f "^""^ "^"^^ the end of a appUcable by makmgtppririate modificationsTtibe 

lead, such as tiiosc for power and ground, compared to embodiments described above. Therefore, the above 

multiple paralldHoonnocted vias. This shortenmg of « description should not be taken as limiting the scope of 

lead lengths reduces mducianoe which permits an mte- the mvention which is defined by the metes and borads 

^ grated circuit package with higher performance. With of ^ amended clanns. 

the reduction in the inductance of the power and y^Hiat is claime d is: ^ 

ground leads, for example, the ground bounce inmiunity ^ ^ improve<Cmultllayer integrated dri^fp^ 



of the package improves. The package is able to handle age. said package hav ing & pimahty of layers ot oon- 

a greater number of switchmg outputs, or stated differ- ducting leads, at least one of said leads in a first layer 

cntly, does not require as many power and ground pins. fonnected to a lead in a second layer by a metal via, ^ ^^^^^ 

More powerful or faster output buffers may be sup- ^Tnrrovfnnpnt roniprisiog said via havmg a cross-section 

ported m the package. said via is much larger m a first direction than 

Finally, besides lower parasitic inductance, lower ^ * tecoad direcUon perpendicular to said first direc- 

resistancc through tiic via. lower contact resistance, the ^ - ^ , 

present invention provides for better siaeUing, or isola- , - \ nnproved multilayer mtegrated circuit as m 

tion, of the conducting leads in the package. In multi- T ^ *=«»s^section is m the shape of 

the ngnal switching of the packagoimtcg^ " oreuian 

mas many locatioiis as possible. This is also tone for the • • « • • 
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[57] ABSTRACT 

An improved surface mount package and method of making 
such a package is provided, A conventional surface mount 
package is modified by fabricating a U-shaped via around 
the lead via to form a quasi-coaxial transmission line 
through the insulating substrate. This permits the electrical 
inq)edance in the conductive elements of the surface mount 
package to be controlled to reduce inscrtionloss and rctusn 
los$, and to^improvc faolation. The surface mount package 
includes a lead frame, and a gold plate to which an integrated 
circuit in the package is attached. The padcagc is scaled with 
a ring-frame and a lid. Ground vias connecting the lead- * 
frame to the plate through the substrate may also be 
included. The present package is designed by modelling the 
various elements of the package as a coaxial transmission 
line, a co-planar waveguide, and a single lead in a trough 
transmission line in combination. In an alternative embodi- 
ment, the U-shaped via may be formed of discrete holes 
drilled through the substrate, rather than as a continuous 
U-shape. 

7 Claims, 9 Drawing Sheets 
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MICROWAVE SURFACE MOUNT PACKAGE 

This is a divisional of U^. application Sen No. 08/072, 
819. filed Jua 7. 1993 now U.S. PaL No. 5,401,912. 



BACKGROUND OF THE INVENTION 
1. Held of the Invention 

The present invention relates generally to surface mount 



10 



15 



20 



packages for integrated circuits and more particularly to a 
surface mount package having a U-shaped via extending 
around the transmission via of the package substramm^Qv^ 

2. Description of the Prior Art 

Surface mount packages, such as shown in Seieroc ct al., 
U.S. PaL No. 5,117,068. arc readily known in the art In 
general the purpose of such packages is to house integrated 
circuits in an environmentally protected enclosure, while at 
the same time providing electrical connections from the 
external package leads to the internal enclosed integrated 
drcuiL As illustrated in FIGS. 1-4, a typical prior art surface 
mount package includes a lead-frame 2 which preferably 
matches the lead-frame of a conventional TO-8 package and 15 
includes outwardly extending leads 14 such as input, output 
and bias leads. A substrate 4, preferably of alumina, includes 
solid metal vias 6 extending theiethrough which electrically 
connect the Icad-ftame 2 to an integrated circuit 8 mounted 
in the package. The lead-frame 2 and a seal-ring 10 are 
brazed to each face of the alumina base 4 in a brazing 
operatioa After inserting the integrated circuit into the 
package, Ud 12 is sealed to seal-ring 10 to complete the 
package. 

The integrated circuit 8 is connected to the internal floor 
of the package by means of conductive epoxy or metal attach 
16. Ground vias 18 are provided to electrically connea the 
internal ground plane 16 to the lead frame 2. Internal 
package leads 20, which arc fabricated as part of the surface 
mount padcage make the electrical connections from the 
integrated circuit 8 to the lead vias 6. The metal filled vias 
6 are connected to the external leads 14 during a braze 
operation. 

As the AC frequency of the signal being sent to the IC 
through lead vias 6 increases beyond about 8 GHz In prior 
an surface mount padcages, it has been found that the 
electrical losses and interference in the package increase 
beyond acceptable limits. This is so because, in microwave 
plications, the transmission medium and device intercon- 
nections introduce inductance and capacitance which 
degrade system performance. Accordingly, it is desirable to 
have a surface mount package suitable for frequencies 
beyond 8 GHz in which high frequency devices, such as 
cellular radio, may operate. Furthermore, it is desirable to 
have a nicthod for increasing the usable frequency range of 
other types of integrated circuits. 
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SUMMARY OF THE INVENTION 



60 



The present invention is an improved system and method 
for reducing losses and interference in a surface mount 
package to make the package operable at frequencies up to 
26 GHz and beyond with acceptable performance charac- 
teristics. Furthermore, the present invention is applicable for 65 
use in other types of circuits which employ a transmission 
lead passing throu^ an insulating substrate. 



In the present invention, the electrical impedance m the 
conductive elements of the surface mount package is con- 
trolled to reduce insertion loss, return loss, and to improve 
isolacioa This is accomplished by fabricating a U-shaped 
via around tiie lead via in tiie surface mount padcagc to form 
a quasi-coaxial transmission line through the insulating 
substrate. The substrate is coated on its top and bottom 
surfaces with a lead-frame and a plate to which an integrated 
circuit in the package is attached. Ground vias connecting 
tiie lead-frame to the plate through the subsurate may also be 
provided 

To reduce losses and to improve isolation, the present 
package is designed using impedance matching techniques 
known in Uie art: The plate on lop of the substrate and the 
lead via forming a coaxial transmission line; the lead frame 
and lead forming a co-planar waveguide; and within the 
substrate, the transmission via and U-shapcd via forming a 
single lead in a trough transmission line. These dements are 
preferably designed to have an impedance of 50 ohms. 

If desired, additional ground vias may be located in tiie 
substrate at various locations to limit ring-frame resonance 
effects. In an alternative embodiment, the U-sh^ied via may 
be formed by making discrete holes through the substrate in 
a U-shape. 

Accordingly, the novel U-shaped via of the present inven- 
tion provides a method whereby tiie usable frequency range 
of surface mount packages and other electrical device is 
increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I shows a partial side view of a prior an surface 
mount package. 

FIG. 2 shows a bottom view of a prior art surface mount 
package without a ring-frame. 

FIG. 3 shows a top view of a prior art surface mount 
package witiiout a ring-frame. 

FIG. 4 shows an exploded perspective view of a prior art 
surface mount package. 

FIG. 5 shows a partial perspective view of the surface 
mount package of the present invention. 

FIG. 6 shows a top view of the prefcned embodiment of 
the surface mount package substrate of the present inven- 
tion. 

RG. 7 shows the insertion and return loss performance of 
the embodiment of the present invention shown in FIG. 6. 

FIG. 8 shows the isolation performance of the embodi- 
ment of the present invention shown in FIG. 6. 

FIG. 9 shows a top view of an alternative embodiment of 
the surface mount package of the present invention, wherein 
the U-shaped via is non-continuous. 

FIG. 10 shows the insertion and return loss performance 
of the embodiment of the present invention shown in FIG. 
9. 

FIG. 11 shows the isolation performance of the embodi- 
ment of the present invention shown in FIG. 9. 

HG. 12 shows an alternative embodiment of the presem 
invention wherdn ground vias are located within the 
U-shaped via. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention provides an improved system and 
metiiod for reducing losses and interference in a surface 
mount package so as to make the package operable at 
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frequencies up to 26 GHz and beyond To operate at micro- 
wave frequencies, the electrical impedance in the electrical 
transmission lines of the present invention is controlled and 
the R.F. energy treated in a manner which is conducive to 
use a high microwave frequencies. With a typical four lead 5 
surface mount package such as shown in the prior art. three 
RF characteristics are important: Insertion Loss. Return 
Loss, and Isolation. 

Insertion Loss is the amount of energy lost resulting ftora 
the transmission of RF energy. As shown in FIG. 3, this loss 10 
would be measured from the external lead to the internal 
connecUon terminal, i.e., the loss resulting from RF trans- 
mission between points A and E. The main property affea- 
ing Insertion Loss is the electrical conductivity of the metals 
used for transmitting the AC signal. The lowest possible loss 15 
is desired. 

Rcmm Loss is the amount of enagy returning back to the 
terminal from which the transmitted signal originated. In 
FIG, 3, energy transmitted from point A to point E and 
reflected back to pointA would constitute Return Loss. Zero 20 
reflections would be ideal, however industry standards for 
acceptable levels have been estabUshed. lb reduce Return 
Loss, it is preferable to create a 50 ohm transmission line 
from point A to point E 

Isolation is a measure of energy leakage from one lead to ^ 
another. In FIG, 3. if an R,R signal is transmitted through the 
lead at point A. it is desirable that no energy be present in 
leads B. Q or D resulting firara the energy present in lead A 
These losses may be minimized by containing the clectit)- 
magnctic fields throughout the package, and especially 
through the lead vias 6. 

Prior art surface mount packages experience high RF 
1^ at frequencies past 8 GHz. While the bottom side (sec 
FIG. 2) of prior art surface mount packages had been 
designed for 50 ohms using a co-planar waveguide medium 
for transmission which helps to reduce losses, once the R.F. 
signal enters the ceramic substrate 4. losses increase beyond 
acceptable limits. To an extent, these losses are believed to 
be caused by the impedance within the lead vias 6, and by 
the connections between the vias 6 and the leads 14 and IC 
8. The impedance within these layers and at their barriers is 
controUed very little if at all in the prior art Furthermore, the 
via strucnire created within the substrate can be viewed as a 
waveguide without sidewaUs. Wthin this ceramic medium, 
several waveguide modes can be excited by the verUcal 
metal filled via hole, which acu as an antenna. Poor isolation 
and multiple resonances are also believed to occur. 

As ^own in HOS. 5 and 6. by the present invention, the 
vu hole pattern in the ceramic substrate is modified to <a 
rectify the above-identified problems and to boost the use- 
abiUty of the package to 26 GHz and beyond, it being 
understood that HG. 5 represents a partial view of one lead 
of a typical four lead package. The modification consisU of 
fOTmmg a U-shaped metal filled via 22 around the signal via « 
26 to form a quasi-coaxial transmission line through sub- 
strate 24. 

Substrate 24 is preferably fabricated of alumina or alu- 
immim nitride by any technique readily known to those 
sWlcd m the ait, although it is readily foreseen that the 60 
substrate 24 may be made of any readily known insulator 
suitable for use as an insulating substtate. Ttensmission vias 
26, ground vias 28. and U-sh^ vias 22 are preferably 
laser drilled through the substrate 24. The dimensions of the 
vias will vary to reduce losses based upon the design 65 

equations described below. The vias 22, 26. and 28 are fiUcd 
with a metal having a high electrical conductivity and high 



thermal conductivity, preferably Umgstcn-copper or gold. 
The high electrical conductivity is preferable for reducing 
insertion and DC losses. High thermal conductivity is pref- 
erable tt) provide a thermal path through the vias and out of 
the package which is helpful for cooling the package. It is 
readily foreseen that vias 22, 26 and 28 may be mctal-fiUed 
with various materials and through various techniques as are 
known in the art 

Substrate 24 is preferably coated on iu lop and bottt)m 
surfaces, preferably with two layers: a first layer of titanium- 
tungsten is preferably sputtered on the alumina or other 
insulator 24 to improve adherence of the second layer, which 
is preferably of sputtered gold. The integrated circuit to be 
mounted in the package preferably sits on the upper layer of 
gold 30. The layer of gold on the bottom of the substrate 
preferably forms a conventional lead-fiame 32. 

The present invention may be operated at higher frequen- 
cies than prior art devices by modelling the various com- 
ponents of the package and then designing each element so 
as to minimize losses. The present invention may be mod- 
elled as three discrete elements, cooperating to reduce 
losses: 

11) As shown in HG. 5, at the top of substrate 24, the 
transmission via 26 and ground metal 30 form a coaxial 
transmission line. The coaxial transmission line is 
formed by the lead via 26. which is the inner conduc- 
tive element, and the gold plate 30 on substrate 24, 
which completely surrounds the lead via 26 and is the 
outer element of the coaxial transmission line. 
The coaxial porion of the present invention is preferably 
designed using the foUovdng equation which is readily 
known in the art where D is the diameter of the outer 
conductor, d is the diameter of the inner conductor, and e , 
is the relative dielectric constant of the dielectric between 
the inner and outer conductors: 

As previously indicated, the preferred characteristic 
Impedance Zq for a coaxial transmission line is 50a 
Accordingly, the dimensions of D and d may be determined 
from the following equation: 



[21 At the bottom of the package, where the lead 34 enters 
the lead frame 32 and contacts the transmission via 26, a 
co-planar waveguide is formed. The dimeosioas of the lead 
frame 32, the lead 34, the height of the inbatiate 24, and the 
spacing therebetween are preferably designed to mimmize 
electrical losses and interference of a signal travelling 
through lead 34, and arc further designed to match the 
impedance at Uie junction between lead 34 and transmission 
via 26. Hie equations for designing these elemeots are 
known in the art These equations are conq)lex and are 
preferably done uang computer software specially deagned 
for this purpose. 

13] Wtiiin die substrate, the transmission via 26 and 
U-shaped via 22 form a single lead in a trough transmission 
line. Accordingly, the dimensions of tiie various dements 
may be determined from the foUowing equation which is 
known in the art where w represents tite inside width of the 
U-shaped via. h represents the distaooe between the inside 
lower edge of the U-shaped via 22 and the center of 
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transmission via 26, is the relative dielectric constant of 
the dielectric 24, Zq is the characteristic impedance for the 
transmission line which is preferably is 50a, d is the width 
of the conductive via 26, and d «h, w. 



4wttiiA 
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This stnicture is preferably designed to have an imped- 
ance of 50 ohms. Preferably, transmission via 26 is cenlcrcd 
with respea to the width w of U-shaped via 22. 

FIG. 7 shows the insertion and return loss perfonnance of 
the embodiment of the present invention shown in FIG. 6. 15 
FIG. 8 shows the isolation performance of the cmbodimenl 
of the present invention shown in FIG. 6. 

Accordingly, by the present invention the surface mount 
padcages is designed as three distinct electrical elements 
which are matched to each other so as to reduce system 20 
losses. If desired, as shown in FIGS. 5. 6 and 9. ground vias 
28 may be placed in the substrate 24 at locations around the 
vias 26 to limit potential ring-frame resonance effects. The 
U-shaped via 22 controls the impedance within the ceramic 
and contains the clectromagnedc field within a localized 25 
area, thus reducing leakage to other leads. While it has been 
found that utilizing a U-shaped via 22 around transmission 
via 26 is preferred from a manufacturing standpoint, it is 
foreseen that the present invention may be modified so that 
via 22 extends completely around transmission via 26. In 30 
this embodiment, rather than modelling the transmission via 
26 thorough the substrate 24 as a "single wire in a trough," 
it would be modelled as a true coaxial transmission line. 

FIGS. 5^11 show an alternative embodiment of the 
present invention, and perfonnance characteristics up to 35 
26^ GHz for this embodiment As shown in FIG. 9, 
U-shaped via 22 need not be continuous, but rather may be 
formed by a scries of vias around the transmission via 26. As 
shown in FIG. 12, ground vias 28 may be located within the 
U-shaped via 22. if desired. 40 

Altiiough the present invention has been described with 
respect to utilizing U-shaped vias to reduce losses in a 
surface mount package, those skilled in the ait would realize 
the applicabiliQr of the present invention to other types of 
elertrical devices. For example, any semiconductor device 45 
having a transmission line passing through a substrate, 
wherein electrical interference is a problem could be modi- 
fied through the addition of a U-shaped or round via around 
tiic transmission line. Furthermore, while it has been found 
that a U-shaped via is preferable, it is foreseen that other 50 
sh^cd vias around the transmission via may also provide 
beneficial interference and loss reduction and are withfai the 
scope of the present invention as defined in the following 
claims. 



What is claimed is;; _ 

1. A method oKfabricating a devic^ for allowing a signal 
to pass tiirough a sub^te4vith«dui5cd electrical losses and 
interference, said method comprising: 

fabricating an insulating substrate having first and second 
opposed surfaces; 

drilling a lead via hole Uirough said insulating subsuate 
from said first surface to said second surface; 

drilling a U-shaped via through said insulating substrate 
from said first surface to said second surface, said 
U-shaped via extending al least partially circumfercn- 
tially around said lead via hole; 

filling said lead via hole witii a conductive material, 
thereby forming a lead via, for allowing a lead carrying 
said signal to be attached to a first end of said lead via 
and a second lead for receiving said signal to be 
attached to a second end of said lead via; and 

filling said U-shaped via with a conductive material. 

2. The metiiod according to daim 1 wherein the step of 
drilling said U-sh^ via comprises drilling a plurality of 
separate vias in a U-shapc around said lead via hole, and the 
step of filling said U-shaped via comprises filling each of 
said plurality of separate vias. 

3. The method according to claim 1 further comprising tiie 
step of patterning an electrically conductive lead frame on 
said first surface of said substtaie and grounding a portion of 
said lead frame, said U-shaped via being electrically con- 
nected to said grounded portion of said lead frame. 

4. The method according to claim 3 fimher comprising the 
step of patterning a conductive plate on said second surface 
of said substrate, said plate comprising a bole extending 
around said lead via for enabling an electrical connection to 
be made to said lead via, said plate being electrically 
insulated from said lead via, and wherein said U-shaped via 
is electrically connected to said plate for grounding said 
plate. 

5. The metiiod according to claim 1 further con^riang the 
step of determining tiie dimensions of said lead via, said 
U-shaped via and said substrate by modelling said device as 
a single wire in a trough. 

6. The method according to claim 4 further comprising the 
step of detcnnining Uie dimensions of said lead via, said 
U-shaped via, said lead frame, said plate and said substrate 
by inodelling said device as a single wire in a trough, a 
coaxial transmission line and a quasi-coaxial transmission 
line. 

7. The meOwd according to claim 1 ftmher comprising the 
step of drilling a ground hole from said first surface to said 
second surface and filling said ground hole with a conduc- 
tive material. 
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[57] ABSTRACT 

A cap for attaching a chip or otha device to a multi-layer 
electronic structure. The c^ includes a plurality of pads of 
an electrically-conducting material attached over plated 
through holes of the multi-layer electronic stnictme. Each of 
the pads includes a fiat upper surface for attaching the chip 
or other device to the muUi-layer structure, provides an 
electrical connection between the cfaq> or other device and 
die multi4ayer structure, and seals the dirxxigh holes to 
prevent solder from entering the plated through hole. The 
pads are physically isolated from each other. 

14 Qaims, 1 Drawing ^cet 




U.S. Patent 



Mar. 31, 1998 



5,734,560 



FIG. I 




FIG. 2 



5,734^60 

1 2 

CAP PROVIDING FIAT SURFACE FOR DCA othcx device to the pineL Such contact sites may be fbnned 

AND SOLDER BALL ATTACH AND FOR by dnUing a pluraUty cf holes in the top wufacc of the panel 

SEAUNG PLATED THROUGH HOLES, andtoen dqwsiting an clectricaUy conductive material in the 

MULH-LAYER ELECTRONIC STURCTURES holes, similarly to the method desciibe4 above used for 

INCLUDING THE CAP 5 providing mounting between cores of the conqjosite. The 

filled holes may be electrically connected to the electrically 

This plication is a Continuation of U,S. patent appli- conductmg planes of the composite. The ground, signal, and 

cation Scl No. 08/352,144, filed Dec, 1, 1994 now aban- power sites on a chip or other device are then aligned with 

<^oned. the sites on the pand and then bonded thereto. 

FIELD OF THF TMVPNTinM ^° Howcvo; ES dcvioc dhnensions have decreased, and the 

FIELD OF THE INVENTION nmnbci of mounting sites on chips and draiit boards has 

The present invention relates to a structure for atUching increased, the spacing between mounting sites has 

devices to multi-layer electronic structures, such as circuit decreased. This makes it mwc difficult to join the chips and 

boards and cards. The invention also relates to meAods for devices to multi4aycr con^sites and still provide a 

fonning multi-layer electronic structures and to attaching ^ or other means for preventing solder from 

electronic devices, such as integrated semi-conductor chips lowing away from the naounting sites. 

to^ultt-Uyerdcdronicslnctocs. SUMMARY OF THE INVENTtON 

BACKGROUND OFTHEINVENITON The inventors of the picseni invention recognized the 

arcmtcards^pcamas and otfier SUA devices typiadly short comings of the prior 3a 

are ronned from a pluraUty of dectrically oonductiiuE and A.^i.^.r.i. . • . 

plaacsfiinc<ion.sg^„d,sign.l.«.d/orp<,wLplanes«.d 25 "^^S^t^ t^-^i 

conduct electrical cuneot bam ui atodiedclcdiical device S^^L?^?^^ an^mip«)4^inMcc^ mounting 

to what ever the multi-layer stractme is electrically con- oewceff. 

nected to. 'An advantage of the present invendon is to in^rove the 

Usually, mnlti-layer electronic structures include a dIq- '"^^t^'' ""^^^ dciiomc devices to a 

nlity of Lunting sites on one orSSaSfw^ a 30 ^''Sy ^ 

semiconductor chip or other electronic device is attached. t i 

TVpicaUy, the sites are made of an electricaUy conducting . prefared aspects, the present inven- 
matcrial and function as ground, power, and/ar signal aite^ Provides a process of fonning a multi-layer electronic 
Usually, the piUtem of attachment sites on theltoicture, "^^^^ structure. The process includes the step of pro- 
matches a pattern of power; ground, w signals sites on the 35 «<*^«t|f^O'»«»reinciudingatleastoneplaneofM 
attacheddevice.Thepowa;groundand/or8ignalconnectin£ etectncaUy conducting matffial with aplane of atlcast 
sites between the muM-Uyer structure and the chip or oflMT f""^ electrically insulating material on both sides of the at 
attached device preferably aie connected to the pluraUty of ®^ electricaUy conductmg mate- 
plated through holes formed through the multi-kya staic- ^ ^ *^ iadudes a pluraUty of plated 
ture. 40 ™o°gh holes formed therethrough. Also according to the 

lDfoiiniBglhenmltl.Uycrcifcultboar4orcaid..pamUty S^\T**^ 'V**** of fte plated 

of van^c^ cores fi«t be fa^d ShJSSS ^^I^T^jffT^ * "^"^^ 

in fom <h» mnih- T J»»™=" an elcctronic device and also prevente solder from entering 

^^^^^^1!^^^^'^^^''°^'^'^ one plated through hole, 

owe typically IS constructed from at least one plane of at ,. . ^ 

least one electricaUy conducting material nnnunded on *' ^. Awwduig to other pwfened aspects, flie pwsei* inven- 

both sides by a plane «f at least one electricaUy insulating '»onP'ov«lcs a cap for attaching a chip or ottier device to a 

matoiaLAsphiRiUix^thtDmdbhdcsjiUTtheiKiLfc^^ s«naceotaninlti-l^electromcs1nKrture.Tteiffi^ 

<4...i..^^«"-j.;"^ e>eclroiiicrstiDetuie^4ndndi» « lAiid^ 

itoogSSi^bp^^^^^^^^^ h<*3;fem5^sthcoogh ItTTic cap indodes a pad attached 

ttcsnnfcass^^the thB!iigb«hdIa so over at least one of the plated tfarou^ holes of the mnM- 

Tn ,nMt,m.^t^i^77^u ^ . . ^ dcctTonic stcucturc. The pad includes a flat upper 

J^T^^^^f^^^'^'^AT^'^*''^ suif«» for attmimig the cUp or oth. device to toe nidfr 

^^^r'^T^*^^*"*^ layer stmctutr«7forsea4«he plated thrS^^ 

dertnadly lasulatMgplan^^ fte dectricaUy prevent solder from entoringttc tfaiLb hST^ 

conducting pUne. These holes are then filled with an dec. „ a rr^4i„„ tn fcrti. ,. 73 ■ 

tiicallyconductiaginataiaLSudifilledholesaweommo^ « Aooonhng to fmtepiefiaed aspects, the piesentinv^^ 

knownasm3gorJohilMsLT^^^^^^^^ tion provides a mnlliJayer doAonic rtmctate indnding at 

nri-- J*L -/«r^ .... a ^ least one core Indnding at least one plane of at least one 

„iJ^S!?Sf "If* ■"'^ eIectricanycondM5£«iiiateridhaviii^ 
K^^SfrrS "SL**^.**" •»« el«*ic«Uy iiSng inatedd o^bSth^ of thTS 

^SSi^^f^^^J^fl^ le«to.eplaneof«le^ooedectricdlV~^taSi2iL^ 

«hS^,l!^.^.^^^*^*"*^***" rial The at least one core indudes a ptaraUtyrf plated 

^Srf^T'.'T?^'* " » «««8»» boles fconed therethroDgh. THe nmlWaycr d^ 

iionics«rneturedsoindudesap«lSttdied«v«atlSst«^ 

c«,d»cth«iwterid 00 ««dU« surfaces of adjacent cores or of the plated through holes. 

^^^a^n'^tT'^!!'^^''^ « StiUoth«o»^ectsa«l«lv«.tagesofthepeseDtinvention 
by fonning contads for dedncdly connecting a diip or the following ddaileddcsa^ption,^»1ie«an it is shown and 



5,734,560 

3 4 

described only the |>refeiTed cmbodunents of the Inventioii, To provide an Jn^ved method and structure for attach- 
simply by way of illustration of the best mode contemplated ing ddps and otfacar devices to circuit boards and cards, the 
of canying out the invention. As will be realized, the present invention provides a method and structure for a 
invcQtioa is c^>able of other and different embodiments, and multi-layer composite panel widi a top sutfaoe including 
its several details arc capable of modifications m various 5 electrical conductors for attaching devices built in a separate 
obvious respects, without departing from the inveotion. paralidproccss and thenjoxned to the multi-layer composite 
Accordingly, the drawings and desa^Kion arc to be regarded io a laminatioa pioccss. The resulting structure preferably 
as illustrative in namre and not as restrictive. provides a flat surface suiUble for direct chip attach. By 
BRIEF DESCRlFnON OF THE DRAWINGS providing a cap on the top and/or bottom surface of the 
--^ - ^ multi-laya circuit board, the present invention provides top 

Tf^^^ ^ ^ *° the present invention ,rcliat«ndfacmtatcthepl.tii«of solto-n^Srfaceof toe 

•nd t^ «Ki bottom cap Uy« according to (he present cap may be patterned Jo aHo leave di«x«e conductors 
invenaon pnor to attachment to the miUtt-layer panel: and jmroanded by dielectric material thereby eliminating the 

FIG. 2 rejwesents a cross sectional view of an electronic 15 need for a solder mask to be added to the panel 
device attached to an embodiment of a cap structure of the -.^ , . , 

present invention, with the cap stiuc^e \Sd to a , 7?"''^^/ ""^t^I^' "^^'^?^^ ^^e^oy^s 
mnlti-Uy« circuit pancL electroplating solder fee attaching devices, eliminating the 

need for sputtering or plating an dcchical commoning layer 
DETAILED DESCRlFnON OF VARIOUS AND on the composite circuit Additionally, the present inventioa 

PREFERRED ENfBODIMENTS ^ provides a method of building such a cap. Further, fte 

As stated above, as the dimensions of circuits on chips present invention is a method for providing a solder layer on 
have been reduced, the number of circuits on a has * multi-layer circuit board con^oate by depositing soiikx 
increased and the number d electrical connections which ^ * carrier sheet attached to a cover sheet of an electrically 
nuist be made to the chq) has increased. The density of the conducting matoiaL The resulting structure is laminated 
ground, power, and signal sites on the chip to be attached to ^ onto the composite circuit board, 
a circuit board or card or chip carrier have also increased. 'Hie present invention also provides a process for forming 
This increased number of attachment sites creates a number & solder layer for a multi-layer composite, the solder layer 
of problems, among them being the available space on the sealing hollow yias fonned in the mnlti-Uyer conq>osite. 
surface of the circuit board or card for assembly pads and _ The openings of the hoUow are exposed on the top and 
l^ated holes. ^ bottom layers of the coii^x>site. By sealing these exposed 

Commonly Jmown methods for directly attaching chips to ^'P^ hollow vias, the cap layer of the present inveotioD 
another structure, sudi as a circuit board or card, require prevents m ate ri als used in {gocessing steps subsequent to the 
pods for attaching the chip, ^th an increased number of attachment of the cap &om entadng the vias and becoming 
devices on chips and an increased number of input and 35 tt*PPcd where they nwy cause rdialnlity problems, 
output sites on chips, direct chip attach methods requhre pads To provide a fiat surface for chip attachment, eliminate the 
on a fine area array pitch. For instance, the pitch may be on need for a solder dam, as well as to provide other functions, 
the order of about 8 to about 10 mil center-to-center spacing the present invention pxovides a cap layer. The cap layer may 
between pads, be attached to the top and bottom layers of a circuit board or 

According to known toelhods, if die holes usedin fonning 40 card, as needed. Further, once attached to a circuit board or 
the attachment sites in the circuit board or card arc drilled, card, the cap structure of the present inventioo may act as a 
pads approximately 5 mil in diameter around holes about 3 hennetic seal, sealing hollow vias in the circuit board, 
mil in diameter are the smallest dimensions cufxently prac- thereby hdiung to prevent process chemicals en^loyed in 
tical in commercial, mass-produced printed circuit board the solder plating and/or etch steps, among othcts, from 
technology. Frequently, the pads are offset from the drilled 45 entering the vias. Hiis sealing fuoctian helps to prevent the 
boles and are provided with a solder dam to prevent Ihe nsk of reUabiUty due to solution tnqjped in the vias. 
solder from wicking down the holes. However, as can be Accordhigly, the present invention provides an in^roved 
seen from the dimensions of the holes, pads, and array, fce structure and method of forming a stnicturc for joining 
9 tnii grid of 3 mil pads leaves very little space for offiBctting Inte^atod semiconductor chqts or other devices to a high 
the pads from the driUed holes. AdditionaUy, with this so (tensity circuit card. According to the (xcsent invention, a 
^)acmg litUe room remains for providhig a solder dam cap structure may be fricmed separately from the multi-laya 
between the plated through hole and bonding pad. con^xxsite, such as a dtcuit board. The cap structure may 

Mounting diips or solder balls, typically used in moimt- then be attached to the top and/or bottom of tiie multi-layer 
ing chips or odicr devices, on drilled holes requires a method con^xisite. The cap stnicturc prcfcrab^ provides a fiat 
for plugging the holes to prevent solder from wicking away 55 surface for directly ^^^^rhing a chip using direct ehtp attach 
frxBu the joint Arranging the mounting pads directly over methods, or alternatively soldenble attachment processes 
the drilled holes provides a maximum density of input and including Ball Grid Array (BGA) or any other suitable 
oo^Hit sites and eliminates the need for a solder mask. attaching method. By providing a flat surface, the isesent 
However, fiiis tedinique requires a flat surface. invention also eliminates ihc need for a solder dam. 

One solution to the above problems has been to fill vias «o The cap structure preferably conqxiscs aphnlity of pads 
in the circuit board with solder. However, typical solders attached to the eitposed evenings of plated throu^ holes ot 
cannot withstand high temperatures associated with many a circuit board or card. Hie pads may be attached to any 
processing steps used in processing circuit boards, nuinbcr of the plated through ho^^l^ 
AdditionaUy. ^en depositing solder in h<Aes in a circuit substantially completely seal the openings <rf the pjated 
board, it is very difficult, if not impossible, to obtain a fiat 65 thrpMgh hol<^ Aoconlingly, die pads {vefenbly are large 
surface since the exact amount of solder cannot be casfly enough to seal the plated through holes. The exact size may 

vary, depending upon die application. 
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The pads may be fanned of copper, goM, gold/dn, tin/ HO. 2 itpcescnts a cross-sectional view of an electronic 

lead, and/or any combination of these materials and/or any device U attadiedto ancmboduncntof ac^ of theprescnt 

other clcctricaUy conducting mataiai, alone or in comhina- invention, with the attached to a multi-layer circuit 

tion with one or more of the above materials or in comhi- paneL The device U is attadicd using solder balls 13 In&e 

nation with ano&ermatdiaL 5 embodiment shown in HG. 2, the conqaises a plurality 

Methods for forming multi4aycr electronic composite of pads. Each pad shown in HG. 2 comprises the electrically 

structures according to tbc present invention include pro- conducting material 5 and the portion of the panel 7 located 

viding at least one core structure. The core structure prcf- above the material 5. The pads have also been attached to the 

crably includes a plane of an electrically conducting mate- side of the muld-layer structure opposite the side that the 

riaL A plane of an electrically insulating maffria^ may be 10 device is attached to. In some embodiments, the pads may 

provided on both sides of the plane of electrically conduct- also Include a further portion of electrically conducting 

ing material. The core indudes a plurality of plated through material attached to the portion of tiie panel opposite the 

holes formed therethrough. The core may be formed accord- electrically conducting material 5. Although in FKj. 2^pa^ 

ing to known methods. iijattachcd ova each date d^ titeough ft^e, i^Mg^m 

A pad is provided over an opening of each of the plated invcnfi^Sfi^pi^ad^iMyiMW 

through holes in the at least one corev^Sadi^^^'ffife pads ^ The cap structures discussed above may be fcnned of &e 

provides a flat sinface for attaching a ground, signal,^or same material as the multi-layer composite, thereby reduo- 

power site of an electronic device such as a semiconductor Ing problems associated with diflfffences in coefi&cients of 

chip, to the pad. Each of the pads also helps to prevent solder thermal expansion, A cap sttucturc according to the present 

from entering the plated through holes, thereby helping to invention may be formed by providing a carrier sheet of an 

prevent electrical and odicr problems associated with solder electrically conducting material The electrically conducting 

flow into the plated through holes. material may be any known clectricaUy conducting matctiaL 

Further according to methods of the present invention, a For example, the electrically conducting mafw^ai in the 

multi-layer electronic composite structure may be fonx^ by panel from which the c^ structure Is fanned and/or the 

first provixling a composite panel The composite structure ^ electrically conducting material plated on the panel in the 

may be formed from a plurality of cores, each core induding Pattern of the ground, power; and/or signal sites of the may 

at least one plane of an dectrically conductive material ^ metai such as copper or coppei/INVAR/copper, or any 

auToundcd by at least one plane of an dectrically insulating suitable dectrically conducting material 

material on opposite rides, A cap structure formed as Furtherembodimcntsof methods of the present invention 

described bdow may then be atUched to the stadc of cores ^ of fonning a multi-laya dectronic composite may indudc 

and a device attached to tiic c^ structure. tiic step of providing at least one core induding aplane of 

Forming a cap structure, according to methods of the ^ dectrically insulating material having a plane of an 

present invention, for attarhing a chip or other device to a dectrically insulating material on both sides of the plane of 

multi-layer oonqwsitc, such as a circuit board or card, may dectrically conducting matrrial. The at least one core may 

indude providing a, plane of an electrically conducting indude a plurality of plated through holes foimed there- 

™t^a i. The dectrically conducting material may, for through. 

i^tancejbccoppecTheooppamaybeinthcformofafoiL A c^ may be formed by providing a pand of a plane of 

TTiefoil may be 2 ounce copper fdl However, other an dectrically conducting material induding a top surface 

dectricaUy conducting materials may be used and in diflfcr- ^ and a bottom surface. A layer of a photosenritive material 

ent amounts. jj^y ^ deposited on the top and bottom surface of the 

A piurality of dectrically conducting sites may be pro- dectricaUy conductive plane of the panel Marks foe aKgn- 

vided on one side of tiie plane <rf an dectrically conducting ing the cores and the cap may be provided on the cap and/or 

material The pattern of dectricaUy connecting sites on tiie the cores. The photosensitive material on the bottom surface 

lower surface of the ce^ preferably matches the plated 45 of tiie electrically conducthig plane may be exposed to 

throu^ hole or mountmg or joining stud grid on the zadiationprovidhig sufficient energy to cause photochemical 

multi-4aycr composite. On the \xppcx surface of the cap, fee reactions to occur witUn the photosensitive material The 

pattern of dectricaUy oonducting sites preferably matches bottom surface of the cap may be exposed hi a pattezn 

the pattern of ground, rignd and power sites on a dUp or matchhig a pattern of plated flirough holes fomed in tiie at 

device to be attached to the cap and oltimatdy to the 50 Ic^t one cere. AU of the photosensitive material on the top 

mnlti^ycr composite. surface of the dectricaUy conducting plane of the pand may 

The cap may tiienbejoined to the oanqrasitc circuit board be c:^posed to radiation, 

on either ride or on both sides of tiic circuit board or card. * The portions of the photosensitive material not csq>osed to 

The material between the dectricaUy oonducting sites may the radiation may be xcmoyed. The portions of the dectri- 

thcn be removed according to known metiiods/ thereby 55 cal^ conductive l^ereq>osed by removing the poctions of 

leavmg a pluraUty of pads attached to each pUted tiirough the photosensitiYC material may be cleaned An dectricaUy 

hole. Then, a ch^ or other device may be attached to the conducting material may be deposited on the eacposed pcr- 

resuUmg stmctUTB. tionsof the dectricaUy conducting material The dcctrioO^ 

FIG. 1 shows a oross-scctional view of a portion of a conducting mafrrial may t>e any oonmionly used mat/yiai 

multi-layer circuit pand aoocoding to tiie present invention 60 histancc, gold, goldAin, or lead/tin solda may be used, 

and top and bottom cap 1 according to tiie present invention AU rcmammg portions of &e photosensitive matezial from 

prior to attachment to the multi-layer pand 3. In FIG. It the dectricaUy conducting plane may be removed. 

ClectricaUy conducting material 5 are attadied to the pand The dectricaUy oonducting material dmosited on the 

of an dectrii^y oonducting material 7. The^e^^y dectricaUy conducting plane m^ be aUgned with tike plated 

conductrng^matdaalSformih^lSs^ tiuough holes on ttie core. The alignmeS^of the dedrio^ 

posmonedovatiie^^^^tooc^h^ V^ conducting material on tiie dectricaUy conductive Plane 

caps are tiien atUdied to tiie mnW-layer structure 3. with tiie pUted tiirough holes may be verified. The ^d 
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may be joined to the at kast one core by lancinating the 
bottom suiface of the panel to the coce. 

The top surface of the panel may then be cleaned and a 
layer of a photosensitive material deposited on the top 
surface of the panel Selected portions the photosensitive 
material on the top surface of the panel may then be eaqxjsed 
to radiation. The radiation prcferaUy causes photodiemical 
reactions to occur within the photosensitive material. Ihe 
photosensitive material may then be developed to remove 
portions of the photosensitive material leaving portions 
cither exposed or not e3qx>5ed, depending upon the type of 
photosensitive material used. 

An electrically conducting material may then be deposited 
on the poctioas of the surface of the top of the panel 
uncovered by the removal of the photosensitive materiaL 
The electrically conducting material forming the base of the 
panel may then be etched, using the just applied electrically 
conducting material as a masL One etchant that may be used 
is ammonium chloride and cupric chloride or an equivalent 
etchant Preferably, the etchant will etch the electrically 
conducting base material and not the just applied electrically 
conducting materiaL 

In an alternative embodiment, the portions of the photo- 
sensitive nuterial deposited on the upper surface of the 
panel that are not removed during devck^ment may be used 
as a etch mask. In such an embodiment, the panel is etdied 
so as to remove the portions exposed by the removal of the 
photosensitive materiaL The remaining photosensitive mate- 
rial preferably protects the portions of the panel over tiie 
plated through holes. After etching the panel, the remaining 
photosensitive material may then be removed. 

In an embodiment in which the remaining photosensitive 
material does not serve as a mask, after etching, tiie elec- 
trically conducting material applied where the photosensi- 
tive material was removed may be subjected to elevated 
tempentures to cause any organic plating additives to ootgas 
before attempting to attadi a <^ or other device The 
applied elecnically conducting material may then be sub- 
jected to pressure to flatten or dimple the materiaL If the 
photosensitive material is used as an etch mask, then the 
outgassing step may be deleted and the exposed portion of 
the panel may be subjected to pressure to flatten or dingle 
the panel material. In either embodiment, pdxa to flattening* 
the pad material may heated to a temperature sufficient to 
reflow the ™t^ « l 

A device, such as a semiconductor cfaq>, may t>c attached 
to the nudti-layer structure at any point after the removal of 
the matedal between the pads, whether reflow or medianical 
flattening have taken place. 

The top layer of the cap strudurc described above could 
by foaned from a carrier sheet made of an electrically 
conducting material For exan^ile, the carrier sheet could be 
made ol a mctaL Examples of metals include copper and 
ooppcr/INVAR/coppcr The sheet may be made from the 
same mAteiial as the electrically conducting plane in the 
cores of the circuit board. By f ooning the top layer of the cap 
from the same electrically conducting material as is used in 
the cores of the circuit board, problems associated with 
thermal expansion may be reduced or eiimliuted. 

Advantages of the present invention include providing a 
flat surface to facilitate plating of solder to join a cfaq> or 
other device to a multi-layer structure. The flat surfrice 
includes discreet conduofeois surrounded by dielectric mate- 
rial so that a solder mask to prevent undesirable flow of the 65 
solder is not required. Furthermore, the present invention 
allows for the atUcfaing of devices without the need for 



sputtering or plating an electrical oommoning layer on the 
composite pancL 

A nmlti-laycr electronic structure according to the present 
invention, one embodiment of which is shown in cross- 
section in FIG. 2, may indode at least one core including a 
plane of an electrically conducting material with a plane of 
an electrically insulating material on both sides of the plane 
of electrically conducting naatcriaL The at least one c(xt 
includes a plurality of plated through holes formed there- 
through. A pad or cap is attached over at least one of the 
plated through holes. The pads^caps substantially com- 
pletely seal the openings of the plated through holes.'4D^ 
electronic? device induding a plurali^ of ground, signaled 
po^cr sites, is attached to the pads/eaps. Bach of the grou^^d, 
power* and/or signal sites is atta$:bed to one of the pads/caps. 
If the electronic device is attached to the pads/caps using 
solder balls, then the con4>osite includes solder balls 
between the pads/caps and the attached electronic device. 
In this disclosure, there is shown and described only the 
20 preferred embodiments of the invention, but, as aforemen- 
tioned it is to be understood that the invention is capable of 
use in various other combinations and environments and is 
capable of changes or modiiications within the scope of the 
inventive concept as expressed herein. 
What is claimed is: 

1. A cap for attaching a chip or other device to a 
multi-layer electronic structure, said cap CGmi»isiig: 

a plurality of pads of an electrically-conducting material 
attach^ over plated through holes of the mnlti-layer 
dlectronic structure, each of said pads including a flat 
ui^ surface for attaching said dbip or other device to 
said multi-layer structure, [»oviding an electrical con- 
nection between said diip or other device and said 
multi-layer structure, and sealing said plated through 
holes to prevent solder from entering said plated 
through holes, said pads t>eing physically isolated from 
cadi other. 

2. A cap according to claim 1, wherein the c^ conqirises 
substantially similar electrically-conducting materials 

40 indudcd in said multi-layer dectronic structure that the cap 
is attached to. 

3. A cap according to claim 1, wherdn the electrically- 
conducting material of said pads is substantially similar to 
an dectrically-oonducting material of said plated through 
holes. 

4. A cap according to claim 1, wherein the electrically- 
conducting material of said pads is substantially similar to 
an electricaUy-conducting material of an clectrically- 
cooductittg layer of said multi-layer structure. 

5. A cap according to dalm 1, wherein each of said pads 
comprises a plurality of layers. 

6. A cap according to daim 1, wherdn one of said pads 
is attached over each of said plated through holes of said 
multi-layer electronic structure. 

7. A multi-layer electronic structure, cooiprising: at least 
one o(xc induding a plurality of functional planes, said at 
least one core induding a plurality of plated through holes 
formed theretfarongh; and 

a plurality of pads of an dectdcally-conducting material 
attached to plated through holes of the core;, each of 
said pads Including a flat q;ipcr surface for *«t)irhtng 
said di^ or other device to said multi-Uyer structure, 
providing an electrical connection between said chip or 
other device and said nmlti-layer structure, and scaling 
said plated through hdes to prevent solder frtan enter- 
ing said plated through holes, said pads being physi- 
cally Isolated from each other: 
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8. Aiimlti4ayer electronic con^slte stnictuic accoiding 
to claim 7, further coni|)rising: 

an electronic device including a plurality of ground, 
sigoai, and power dtcs, at least one of said sites being 
attached to one of said plurality of pads. 

9. Amalti-laycr electronic composite structure according 
to claim 8, wherein said electronic device is attached to said 
one of said pads using solder balls. 

10. A multi-layer electronic oon^osite structure according 
to claim 8, wherein said electronic device is directly attached 
to said one of said pads. 

11. A multi-layer electronic structure according to claim 7, 
wheieia the electdcally-conductmg material of said pads is 
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substantially similar to an electricaUy-coiiducting material 
of said plated through holes. 

12. A multi-layer electronic structure according to claim 
7, wherein the electrically-conducting material of yai^ pads 
is substantially similar to an electrically-conducting material 
of an electrically-conducting layer of said muM-laycr struc- 
ture. 

13. A multi-layer electronic structure according to claim 
7, wherein each of said pads conq)rises a plurality of layers. 

14. A muUi-layer structure according to daim 7, wherein 
one of said pads is attached over eadi of said plated through 
holes of said at least one core. 
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[57] ABSTRACT 
A coaxial bump for connecting a die to & sabstrate in- 
cludes a center post and a ground ring surxoundmg and 
shiddmg the center post The center post may be a 
center conductor line, and the ground ring may be gen- 
erally torus^haped, nearly closed or completely closed. 
The ooaidal bump provides very low crosstalk in chip- 
to-substrate interconnections and provides a constant 
unpedanoe with negligtble mductive discontinuity. 
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COAXIAL DIE AND SUBSTRATE BUMPS crosstalk between adjacent signal bumps and to main- 

o naiKAit BUMPS tain ronstanttnmsmission line impedance as high speed 

U.S. GOVERNMENT LICENSE RIGHTS tiSoShTS "^^^^ °^ * substrate 

i^^t^'^' .« P«»d-«P license in this ^ As bump construction idays a significant role in the 

mvendon and the nght m limited circumstances to re- present mvention. some diLissioVonolS bumn 
quire the patent owner to license others on reasonable structure is appropriate heTuSdal Sa^ h„^ 

JSmSTSS "^"^^^ ,0 ^i.'y^^^'if. v^«y ofsemiconduaorchiprsut 

umce. 10 strate or prmted circuit boatxl input/output (1/0) oon- 

BACKGROUND OF THE INVENTION nections. /^pUcations have been exploited in both the 

1. Field of the Invention Slilv^?^ ^ ^^olo&cd 
The present invention relates to mtegrated drcuit « ^ ""^ continuing to be made in 

fabrication and. more partcSly to sS^^^ 15 f ^ ^^'"^^ 

methods for Mcrccrn^gZ Li ^S^'' '"^ ^ r^""^- ^ distal 

2. Description of Related Art ^"^^ standard uniaxial solder bump has been and 
In many applications, it is necessary to provide inti- *° increasingly limiting portion of 

matecontact'u^tweenilsemiSlJrdcESi^e to crosstalk and impe- 

substrate to which it is mounted. Intimate contact is 20 Z?"" controL Additionally, there are emerging com- 

necded to assure a sufficient electrical connection and , r *"ybnd systems where attractive 

also sufiident thermal conductivity appncahons for high speed signal processing exist but 
One example of the foregoing "appUcations" involves • *f°^^ essential at signal VO's. Low crosstalk 
multilayer ceramic (MLQ technology. To overcome extremely unportant where disparate signal 

the hmhalions and the expense of MLC technology for 25 . . commnmcated via adjacent bnmps. These 

hi^-performance systems, silicon wafers have hereto- "t^tions arise in a variety of analog appUcations and in 

fore been used as substrates for thin-fihn interconnec- 7^ circmts where data signals are close to clock 

tion modules. Sndi silicon PC boards (SiPOBs) can atstnbution bumps and power supply distribution 

pijovide very precise, high-denaty interconnects with a °^P^ 

mimmal number of metal levels. With sufiident mctalli- 30 chip-to-board interconnection technology ap- 

zation fliickness, near transmission^me quality mteroon- to be a weak point in terms of dectrical perfor- 

nects have been adueved over wafer-scale distances. ™ance and mechanical reliability of silicon hybrid wafer 
SiPCBs also have very good Uiermal and mechanical integration technology. It is a shortcoming and 

characteristics; for eaample, they are virtually immune ^^^^^^"cy of the prior art that stringent requirements of 
to diermal stresses, owing to the thermal eiqjansion 35 crosstalk and controlled impedance are not satisfac 

match between the diips and the board. torily addressed by prior art solder bump mteiconnec 

In order to physically attach and then electrically tion methods, 
connect IC chips to a silicon wafer, three standani tech. or™„,.^, 

niques have been suooessfony adapted from ceramic SUMMARY OF THE INVENTION 

hybrid technology: flip-chq» solder-bump rcflow, wire 40 The present invention overcomes the shortcomines 

^'^ tape-«itomatic*ondmg CTAB). The first «nd deficiencies of the prior art by piovidmg a cS 

listed of these m^ods, the solder bump method, is bump I/O configuration between die and sute^ 

most rdevant to the present invention. In this method, More specifically, the present invention provides aooi 

alternative layers of conductor and ceramic insulator «dal bump for connecting a die to a substrate. "H^ 

are pf«sed together m&e green state and fired to form 45 c««ialbmnp includes a center post and a b^iW 

hn'^^^I^T'^ ^ surrounding the center post iTanbodin^^f &| 

bumps on each pad and snbsequenUy moonted upside present invention the center post may be a cem« eon 

?f w on the chip ductorline.InthesameorinS;jSS^ofSe' 

TOnespond to mtcrcomiect areas on the ceramic multi- present mvention. the ground ring may be at leasTLm! 

.7*1- 1^ , 50 eraHy torus^haped. * 

It should not be forgotten that a main goal of the In addition, neither a complete ground rims nor » 

SSf ^ P^""** ^ ^ « necessary mSTfor^SJ^LJ 

Reduced accmt dmiensions act towards fuIfiUment of electromagnetic shielding. daenSgon SetS^ 

^^80^ is. to piomote speed, it is desirable to tion. In fact, a gap or gajs in^^S^ ^ 

mtercOTnect dnps wiUi a mmmmm of capadtive load- S5 desirable for allowing S»ressnre^ase ctoKnf 

mgandannmrnumofintcroomiectlengtLCapadtive ing without rignifioXd^S^r^ 

^t^^ slow A,wn sigmd transmission such dectromagnetfcSS^ pSr^lT^e 

SLK ^ ^ ground^l^y haveahSSa US^t^L^f 

tamed m oommunicatmg from one chip to another. the six sides removed. "y^"' °' 

Int«oonne<*on length between chips also contributes 60 The pixsent invention also niovides a methnH ix, 

^ raf!?°!t «»«»>«y to drcuit length ami also due bondin/a die to a SSiStodSgle sSSfnS 

toasdf-mductanoeoftbeintetconnectiondrxait vidingUie substrate wiAl^SrS^.^2^^^^ 
Increasinglyhighersignalspeedshavecaiisedeloctri- ^^^h^^^TZ^'^^P^^'' 

cal problems to arise lathed or die to b^n^Ac^HL^^L^T!!*^**'*"^ 

ith.sbccnfouodtoX'SissiSsa ssssSpr^^'i^rss^'^* 
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may be accomplished by welding, at room or elevated tion of using such configurations in the art relevant 

temperature, and/or m an inert atmosphere. hereto. e » ui inc an relevant 

Accordingly, it k an object of the present invention Coaxial bumps such as those shown in HG 1 have 

to provide a coanal solder bump configuration that been fabricated and b6nded by the tove^S of the 

satisfies even the most strmgent requirements for low 5 present invention. This demonstration ofSilkv in! 

crosstalk and controlled mipedance at a die to substrate volved a superconducting substrate iSdS b mV 

A w . r.t. bium conductors With siUcon dioxide dielectric Which 

Another object of the present mvention is to provide was fabricated using indium bmnps whichvSeS^ 

a sold«- bmnp configuration that clears the way for sion bonded at elevTted temperature. FmheSf k k 

increasmg y higher speed signal processing. ,o understood that other coXtors suchT^^r md 

vii I Z'tJtLSSi • Pr«ent mvention is to pro- aluminmn and other dielectrics such as poffie S 

vide a die to substrrte mterface m which maintenance of be employed in the coaxial bumps of the pr«ent inv^ 

accurately controUcd impedances over a wide frc- tion present inven- 

quencqr range b posstole. Continuing to refer to HG. 1. the daisy chain section 

StiUyetanotiierobjectofthepresentinventionisto IS previously mentioned as comiecting iTfr^bS 

provide a die to substrate mterface having a shielded and right coaxial bump 4 may be seen ttTSmS a 

center post The shield, which may be either nearly daisy cludn connection a bet JeenSr?i^«bmns 

closed or completdy closed, permits only a very low 6. Comiection 22 has an associated l^dwX S 

level of crosstalk between the center post and adjacent nectcd to test pads on the substrate 

signal bumps. 20 In a preferred embodiment of the present invention, a 

BRIEF DESCRIFnON OF THE DRAWINGS superconducting sid)strate using niobium conductors 

^ ■'1° » suicon dioxide mncr layer dielectric mav be bnilr 

Other objeos, advantages^ and novel features of the up using a pknarized via teohnoloS^r/dSS 

rSfrVr"^'*'"^'' ^ ^ understood by Reference presletermined number of Uyers assKfor cS hi 

to thefoUowmg description taken m connection with 25 FIGS, land 2. TTie final top layer is the niobium «oLd 

theaccompanymg drawmgs m which: plane 12 which is appfied bkween a silk^TS 

FIG. 1 IS a top view of two coaxial bumps m a daisy layer 28 and a passivation hiyer 30 which includes inner 

chjunsectionaccordmg totheteachingsofthepresent passivation l«Vd outer isivation M. m ™d 

i^ V*- • . - plane "nay oompletdy cover the top surface of the sub- 

FIG 2. B a cross^onal view of the coaxial bmnps 30 strate beneath passivation 30 exce^ where AewSal 

,h^ m FIG. 1 taken along line 2-2 and bump's imier «Sctor feeds thiSigh ^e mf^ 

h,SS , TIT^'T^:!!^'^ °^ J acceptabmnp.Theouterbmnpshidd32isdSly 

havmg a hexagonal layout with one of the six sides comiected to gromul phme 12 while the imier roX- 

removed. tor 34 is electrically isokted from it A niobium line 36, 

DETAILED DESCRIPTION OF THE " which feeds to the inner conductor 34, is routed 

INVENTION through a via 38 in the top dielectric 28 to the small 

T)Ar..^„» .1. -I • u . ... , wobnim pad 10 which is isolated from the main niobium 
Refemng now w Ae drawmgs wherein like refer- ground plane IZ Tims, the niobimn feed Une n^ 
ence mimmls are used to designate identical or similar mider the outer coaxial bmnp pad 32 scjaxa^ d^. 
elemenU throughout the sev«al views, «,d wherein 40 caUy ftom the gromid plane U by a ky^f sSL 
dmente «e n« necessMily dwwn to scale, and more dioxide 28. The dimensiom of the fe^d Km 
p^ukriy to FIG U there is shown a top view of a width and thidcness)arechosen toSd thepS^Wp 
coaxial bump accordmg to the teachings of the present line inqiedanoe. yiciauie proper smp 
mvention. More precisely, there is shown in HG. 1 a The exposed, top niobium strip line pads are metal- 
first bump 2 and a second bump 4oomiectod by a daisy 45 lized with a so^ed barrier metal (4-. about^OO 

*^J!^T^-«-i. • • ^ , angstroms thick) of palladium 40 which is sokteable 

Bumps 2, 4 each comprise an mner solder bump 6 and with indium. A thm, grtd kyer (eg., also about 2.000 

anoutersolderbump8.Snnoundingthebumps«and8 angstroms thick) « is applied to^^SSleS^S 

«e a mobium inn«: pad 10 imd a ni^mn ground plane the wafer to acTls an d^Sical ^SglnSScSSl^d 

swtion 12, respectevdy. The niobium ground pbuxc 50 ultimately a metallic flux (due to its extreme soli*ilitvm 

section 12 IS seen through a ho e m outer passivation indium) for wetting and aUoying the indium to the d4i- 

layer 14. An mner extent of p^val^on shown as imier dimn. A tUdc from abouf 15 toSt 3oSL 

passtvitm 16 surrounds mobmm inner pad 10, and thick) photoresist mask is appUed to the gold surface, 

mner niobium gromid plane ni^ 18 is located between then is used as a plate up ZLk for platiii 15 nS 

passivatton 16 and outer bump8 At the center of all of 55 hi^ indhmi bmn^ in the coarial S^^^c 

flie foregomg .s a center post via feed 20 inside imier thick, resist mask is stripped and theSm^SLmk 

.tn^ • .1. ^ 1. ,j . used as a mask for etehing the gold interconnect bi a 

Those skiUed m the m shwdd appredate that the gold etohant which does not atick the faS bZp 

OMxml bmnp shown m FIG. 1 « effectn«ly and essen- Umicrlying the entire structme shown in FIG. 2 

tiaUy a donut-shaped ground ring surrounding a center 60 another silkx>n dioxkle layer 44 

S^nlJtr^ J*"* ^ a cente conductor line sur- In another preferred embodiinent of the present in- 

ronnded by an outer ground slHdd. vention. whidi is not shown, a m)n.plamui2ed^au^ 

Coanalconfigurauons have heretofore b^ can be buiU up usmg an alternating Zte^lo^JS 

ttannmsaon hnes m microwave appUcations; however, identical fimetiomdity to the ptoMfized^onT 

perhaps be«use of the perodved and real difficulties «5 Tbc presently prrfened b(^ding metK by cold 

raccmtered m fabncalii^ such stacte^ vrdd wheie both die and sutetaSe are tomS imd 

oze for solder bmnp appfacations, the inveatocs of the indimn is forced to ftew against indmmtoSTwdd 

present mvention are aware ofno attempts or concep- at room temperature. In this configuration, the tadium 
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bumps «« reduced in hdght from by about 25 to 50 sflicon dioiide dielectric using indium bumm which 
percent during the pressure weld operation to ensure wem HiffiKi™ h^AZt JT moium oumps which 
substantial cold flow of the indium « the snrf^ A ^ .^^""^ temperature, 
conventional indium oxide etchant is u^ S^So^ 2^'' t^tZlT'u'^'^ oan be used with 
bonding to remove the native indium oidde on tte s barner metaUurgical layers as 
bumps to ensure cleaner weld inteifeces. The^S '"^''nniodation between bump solder and the inter- 
bonding is accomplished in an inert environment to . * "a^Plc. copper/polyimide sub- 
farther reduce the chance of indium oxidation during ^ attached to silicon MOS. bi-polar, 
the bump operation. It is understood, however, that the ST ^^P^' ""stance by ffip-chip bonding, 
bumps on the die and the substrate may be connected by lo coaxal bumps (and uniaxial bumps) at 
other conventional techniques, includmg a warm weld- partially formed with aluminum can be connected 
ing, adhesive bonding, thennosonic bonding and ther- *oeether, such as by a fluxless alummum weld with 
maloompression bonding. Furthermoie, the bumps may ultrasonic energy. The weld may be a warn weld (e.g., 
be of other materials such as aluminum. C-) or a cold weld (e.g., at room temperature). A 
In the practice of tiie present invention, there is essen- is fl««l«s wdd would eliminate the need for removing 
tially no lower limit to the pitch and size of the coaxial residual flux within a cavity, which is particularly ad- 
bumps which can be made. There are, however, limits vantageons in the case of a closed cavity. Moreover, 
to the lithography machines used to print the bump flip-chip bonding a die with aluminum pads to a snb^ 
plate-up mask which occur when the lateral dimensions Strate with aluminum bumps may quite possibly yield 
of the bump approach current IC fibrication limits. 20 eao™»o«s eamomic advantages for both coaxial and 
Smiilar limits in resolution preclude bump hdghts of uniaxial pads and bumps. Still furflier, as mentioned m 
more ttan the lateral dimensions (that is, aspect ratios of the summary of tiie invention section above, a em or 
bump ha^ts to width ofless than about one to one). gaps m the ground ring may be desirable for aUowine 
Otiier hnuts arc found m the positiomng accuracy of tiie gas pressure release during bonding witfiourSS 
bondmg tool which may be on the order of a few mi- 25 cantly decieasing the ground rin^ d^L^ri. 
crops «id Umits on tiie flatness of tiie substrates upon capacity. For eLnple,TsiowThi HQ ^^Sd 
which the bumps are placed. Witii aU of these current ring 12A may have a h^Sl ivoun^A r^.^^ 

tsr^M^iST^r^s^ts s^LTibr^^^^^^ 

microns. as smau as lu appended claims, the present mvention may be piac- 
Tliose skincd in the art should appreciate that the ^ S^,""*^"^ ^ specificaUy described herein- 
present invention provides a number of novd features what « ri«im^ « 
and advantages. For example, the present mvention tTJl^!^^ f 

allows the maintenance of accurately controlled hnpe- -J ^ ^^^^ ^''^P connectmg a die to a substrate, 

dance through a bumped interface over a wide fre- ^^P'^e" 

quency (e.g., 20 GHz or more). Tlie low impedences ^ center conductor hne; and 

made possible by coaxial bumps also eliminates con- ^ ground nag spaced from and surrounding said cen- 

cems with **di/dt" inductive noise in power supplies conductor line wherein said ground ring pro- 

(although similar results may be possible with an array center conductor line with electromag- 

of ground bumps surrounding the supply bump). Fur- ^ netic shielding from adjacent agnal bumps thcr^y 

thermore, the nearly or completely closed nature of the permitting only a very low level of crosstalk be- 

shielded bump provides for a very low level of crosstalk tween said center conductor line and said adjacent 

between the shielded bump and adjacent signal bumps. signal bumps. 

This allows packing many IO*s tog^her while keeping 2. A coaxial bump as recited in claim 1, wherein said 

crosstalk between them low. This latter point is an im- . . ground ring is at least generally torus-shaped, 

portant advantage of the present invention; that is, it 3. A coaxial bump as recited in claim 2, wherem said 

aUows highly controlled impedances and low crosstalk ground ring completely surrounds said center oonducs. 

at chip lO's. tor line. ^'^^^ 

The standard impedance formula for coaxial lines is: 4. A coaxial bump as recited in daim 3, wherein said 

. . /^vro) 50 «>ntains no flux within said ground ring, 

-t / 5. A coaxial bump comprising: 

where Z, is the impedance, m is the permeability of the I fSS^w^ 

dielectric € is the permittivity ofthe^dectricrais the ^E!f„^!^^^ ^ 

outer radius of the inner bump and rt is the inner radius ground layer disposed between said dielectric layer 

of the outer shidd. Using the standard hnpedance for- ^5 and said passivation Uye^ 

mula. the inq>edance of a coaxial bump of the present ^ conductor extending through 

invention can be calculated to be: dectrically isolated fixjm said ground layer 

and ' 

Z^*hiith/t^ an outer banq> shidd mounted atop and dectrically 

^ connected to said ground layer. 
Thus, for exan^le, a coaxial bump of the present inven- ^. A coaxial bump as recited in rfaSm 5, wherem said 
tion i^luch is placed between the pads of a die and a <Jielectricissdectedfix)m the group oonsbtmg of silicon 
substrate with Ttfs^,Z * r^ can exhibit a line impedance dioxide and polyimide. 

o^^^^<lohm. 7.Acoaxialbumpasredtcdinclahn5,wherdnsaid 
Obviously, numerous modifications and variations 65 ground layer is selected ftom the group consistinft of 
are possible m view of the above teachings. For exam- mobium, copper and aluminum. 

«Aooaxialbmnpasrecitedindaun5.furtheroom. 
tmg substrate rendered in mobram conductors with a pnsmg a fe«d wittim sad didectric layer oonn^^ 
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said inner bump center conductor and electrically iso- 
lated from said ground layer. 

9. A coaxial bump as recited in claim 8. further com- 
prising exposed, top striplinc pads. 

10. A coaxial bump as recited in claim 9, wherein said 
exposed, top striplinc pads are metallized with a barrier 
metal. 

11. A coaxial bump as recited in claim 10, wherein 
said barrier metal is palladium. 

12. A coaxial bump as recited in claim 9, wherein said 
entire coaxial bump is formed on a wafer. 

13. A coaxial bump as recited in claim 12, wherein 
said wafer has a surface which is coated with gold so as 
to provide a plating intercocmect. 

14. A coaxial bump for connecting a die to a sub- 
strate, said bump comprising: 

a center conductor line; and 



8 



10 



15 



a ground ring with at least one gap therein, said 
ground ring spaced from and partially surrounding 
said center conductor line wherein said ground 
ring provides said center conductor hne with dec- 
troraagnetic shielding from adjacent signal bumps 
thereby reducing crosstalk between said center 
conductor line and said adjacent signal bumps. 

15. A coaxial bump as recited in claim 14, wherein 
said at least one gap does not significantly decrcasfe the 
electromagnetic shielding capability of said ground 
ring, 

16. A coaxial bump as recited in claim 15, wherein 
said at least one gap permits gas pressure release. 

17. A coaxial bump as recited in claim 15, wherem 
said die is flip-chip bonded to said substrate. 

18. A coaxial bump as recited in claun 15, wherem 
said center conductor line is at least partially formed 
with aluminum, 
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[57] ABSIRACr 

A method of making a multilayered circuit board 
wherein at least two layered subassemblies, each com- 
prising a dielectric layer and at least one conductive 
layer therein, are bonded together. Each subassembly 
includes a through-hole extending therethrough which 
is aligned with a respective through-hole of the other 
prior to bonding. The subassemblies are compressed at 
a predetermined pressure (e.g., 300 psO and then heated 
to a first temperature (e.g., 300* C) for an established 
time period, resultmg m formation of a bond between 
the two through-holes. The resulting alloy formed from 
this bond possesses a melting point significantly greater 
than that of the subassembly dielectric (e.g^ PTFE). 
Following this time period, the compressed subassem- 
blies are heated to an even greater temperature (e.g., 
380* C), again for an established time period, to assure 
dielectric flow. The subassembly is then cooled and the 
pressure removed. The method possesses two signifi- 
cant features: (1) cflective engagement between respec- 
tive pairs of tlm)ugh-holes in the compressed subassem- 
blies; and (2) prevention of dielectric incursion within 
the bond formed between the respective pain of 
through-holes, which incursion could adversely affect 
the electrical connection therebetween. 

7 Claims, 5 Drawing Sheets 
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MULnLATErREnrrariTTTRrkADn "pmted circuit board" «s «Med herein is thus meant to 

MULTILAYERED CIRCUIT BOARD define a structure includmg at least one dielectric layer 

CRO«!<? RPFRWPNrn Trt ^ T>t5XTT,.TVT« " least one conductive layer located therein and/or 

CROSS '^^^^NCT TO a)-PENDINO thereoa One weU known example of a dielectric mL 

5 rial for use in such construction is fiberglass rdnforoed 

This application is a divisional of Ser. No. 08/1 12,499 epoxy resin (alca FR4). Other materials may include 

med Aug. 26^1993, now U.S. Pat No. 5,359,767. In Ser. polyimide and polytetrafluorocthyleae (PIPE), the 

No. 07/536,145, entitled 'Au-Sn Transient Liquid latter of more recent vintage when relatively low di- 

Bondmg In High Performance Laminates" and fUed electric materials are desired. As will be understood 

Jun. 11. 1990, there is defined a method for simulta- from the following, the teachings of the present inven- 

neously lanunating drcuitized dielectric layers to form tion are especially adaptable to multilayered PCB's 

a miUtilayered, high performance circuit board. Two whctem PTFE or the like is used as the dielectric mate- 

Z^^i^^f^ "^.T^ ^ ^ «Wer is used as the conductive (metal) mate- 

^rft^^tS^/;^' bond that wfll only rial for the various through-holes and conductive l^Ss 

remeltatasecondtemperaturegreaterthanthatcausing 15 used therewith ciaycre 

^ "'"^^ alloy is designed As defined herein, the present invention comprises a 

toremam sohd Aroughout subsequent lammations. Tie method Of makinTa miUtilayered St S^n^ 

STy rL^f^!o'^^S^6r,5t^'!^ of individLl UyS.^:^SL 

Pat No Vm^rha%g4SS' f 1^^^^ 20 "^'T^ ?fr^^ wing and at 

6 iwucu Jan. io, ly)^. ^^^^ through-hole therein. The resulting multilay- 

TECHNICAL FIELD ^rcd structure as defined herein is characterized by the 

The invention rektes to printed circuit boards, and f^fJ?^ °^ f °^ ^ subassemblies being 

particnlarly those of the nuiltaaycred variety bonded together such that respective through-holes of 

25 ™ *^Sned, engaged, and coupled through forma- 

BACKGROUND tion of a metallurgical bond at the through-hole join- 

Multiiaycrcd printed circuit boards, including those f"^^' * ^^^^ ^ achieved through the unique use of 
referred to as of the high density variety, are typically pressure, and precise quantities of sei6Cted 
constructed of several clectricaUy conductive layers ' ^^^^ ^® jointure location. Sig- 
sq)arated by layers of dielectric material. Some of the 30 '^<»ntly. the through-holes are of a pre-established 
conductive layers may be utilized as power and ground configuration with precisely defined fm thickness) side- 
planes while other conductive dayers may be patterned uniquely, allow at least partial compression 
for electrical signal connections (eg, between inte- (coUapse)ofthesidcwalls during pressure application at 
grated circuit chips). Layer-to-laycr interconnections * designated temperature. Such compression, possible 
may be used in such constructions and accomplished 35 several such paired through-hole combinations, as- 
using what is referred to as platcd-thixjugh-holes «ur« effective engagement therebetween so that sound 
(PTITsX such holes typically including a plating of electrical connection is made possible across the entire 
ttectrically conductive material (e.g., copper) thereon. ^ structure. 

In those situations wherein electrical interconnections Still fiirther. the method defined herein results in 

are desired between adjacent conducting layers, it has 40 formation of the aforementioned metallurgical bond 

been common in the art to provide such connections while also, uniquely, providing a resulting alloy at the 

with what are often referred to as •*vias". These hole- through-hole jointure that possesses a melting point 

type connections, though typically not extending much greater than that of the initial cutectic alloy 

through the entirety of the board's thickness, are also formed. Most significantly, this new mdting pomt L 

coated (e.g., plated) with an internal conductive layer 45 also greater than the corresponding melting pomt of the 

(e.g., copper). Such •*vias" and through-holes arc typi- dielectric materials (eg., PTFE) used in each layered 

cafly provided by drilling. subassembly being so bonded. This unique result cna- 

ine term ~through4iolc" as used herein is meant to blcs subsequent heating of the initially bonded subas- 

mclude the aforementioned FTOs as well as **vias" that semblies to an devated temperature above the didec- 

may only mteroonnectfidectedcOTductive layers in the 50 trie's mdting pomt. resulting in didcctric flow as de- 

•tiT^?^* possibly be only intemaUy ared. Because the formed alloy remains in the solid 

portioned). state during such didectric flow, the heated didectric 

r^^X^J^L"^^ ^ °^ multilayered printed material U prevented faxa migrating or otherwise mov- 

. ^^^^^1^^°°**™^°* ^ m U.S. mg into the through-hole jointure and thereby nossiblv 

I «A >, „ 2^^ ^.«H772 (D. Laaarini et al.). this location. 

cZaW?' ^ ^'^^^'^^^ ^ P'^^*^ mvcation thus represents an improve- 

Chang). All of these patents are assigned to the same mcnt over the process defined in US Pat No 

ffit^Jl^! °*???*>v«^<^ Additional examples, 5^0,414, as wdl as those processes mentioned in U.s! 

^'^^^^'^^'^!^'^^^^ 60 Pat Nos. 4,803,450 and 5,046,238 and Ger^^S 

^ ^-^^ DE3316017. and is therebylSmed to coSe^S- 

Pat Nos. 4,803.450 (J. Burgess), 5,046,238 (R. Daigle) nificant advancement in the art 
and German Patent DE3316017 (M. Bcrgmann). 

As defined in the above and other patents, and as is DISCLOSURE OF TEIE INVENTION 

d^SiS'^i^^.*^^ P™^ Itis^thereforcaprimaryobjectofthepresentrnven- 

SrK„?^^'^°' ^"^f / *^PP^ * to «^<^ the art of multilayered ckcuit boar^ 

^^IT^Tr "TS' forthesignal and/or It is a particdar object to pro^KSSS- 

power and/or ground conductive pknes. The term ing a multihiycred drcuit board wbcrdn effectivecn- 
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It is a further object to provide such a method which ^ T '""^ e**"'"- ^ '^P'^' f"™ o*" 
wfllfi«her«sure^^e«iStSLw7^,T^^^ S " « K""'*?*^ «hat each hyered subas- 

i«gappUcadonofpr«surerta^c^S ter,2i^ ^"^'1^^'^^^'^' "^"'^ ^^^^ 
whfle effectively preventing dielectric materi^fc^ i?^ ^ 1 attacted or internally contained singular 
advenely affectin? the thrluSS^S^wS^h T^V^ ^^"^ »»y«^ ^ 

serve to provide critical paS^ for eiSTcS ^ '° '"'^ » "^8^=^ »ay« of 

flowinthcfimshcd.product(PCB) m T conductive material (the preferred materia] 

In accordance with one aspect of the invention, there l"^, '^^^ functioning as a 

is defined a method of making a multUayered circuit ^y""' combinations tiiereof. 

board assembly vi^hich includes at least two layered "compression" as used herein is meant to 

subassembUes each including at least one dielectric f*""= » «>°'*it«>" of «<l»ced height for the invention's 
Uyer. electrically conductive wiring in Uie form of at 15 "^"8h-holes as a result of being subjected to pressures 
least one conductive layer and at least one conductive {yP'oaUy associated with such processes as lamination, 
through-hole therein. The metiiod comprises the steps • aefimtion, it is understood tiiat some defor- 

of aUgning the layered subassemblies relative to one °>"ft occur. 

anotiier such that at least a first of said conductive . , " " "'™'*' understood that each layered subasscm- 
tiuough-holes of one layered subassembly is aligned 20 ■ may mdude additional conductive layers, depcnd- 
vwth and engages a second conductive through-hole in IJlf **° operational requirements of the final circuit 
a second layered subassembly, the first and second con- assembly. In one example, it may be possible to 

ductive tiirongh-holes including a layer of first metal "'t" " °^ "''out ten such conductive layers, stra- 
thereon, said second conductive through-hole further ^&'^y positioned in accordance with a predefined 
mcludmg a layer of second metal tiiereon. These subas- 25 P*"«"- ^ drawings, two such conductive layers 35 
semblies are subjected to pressure at a level sufficient to ""^ shown for the layered subassembly 20. 
cause at least partial compression of the first and second Additionally, it is also within the scope of tiie present 
conductive tiirough-holes, following which the layeiwl ""vention to produce a multilayered circuit board as- 
subaKcmblies are heated to a pre-established tempera- **"'>'y living more than two Uyered subassembUes 
tnre for a predetcnnmed time period sufficient to form 30 of example, it is possible, using tiie unique 

a metaUic bond between tiie first and second metals on teachings of tiie present invention, to produce a multi- 
tiie conductive tiirongh-holes. The layered subassem- layered assembly mcluding twenty individual Uyered 
bUes are tiien cooled. subassemblies as part tiiereof. SignificanUy, tiie metiiod 

BRIEF DESCRIPTION OF THE DRAWINGS tf^^ '"T" '^^^ °^ ^^^^ ^ 

, ^ ^^r inc. UKAWINGS jj provide such a multilayered and complex structure. 

r.,«u».' \a T'Pi?^ ^ous steps of making a , As stated above, Uie invention is particularly adapted 
mnltiUywed ciremt board assembly in accordance witii for use wiUi PTFE or tiie like dielectric material as 
<Mie onbodiment of tiie mvention, these views illustrat- well as conductive layers comprised substantiallv of 
mg at least two hyered subassemblies which will com- copper. Furtiier, tiie invention is particularly adut^ 
pr«eti,e final «sembly; «,d 40 for »se witii tim,ugh-holes (defia^ in greater d^tS 

^^Z.~. f ^* vs. tffliperature graph illustrating tiie hereinbdow) comprised substantiaUy of copper as tiie 
T^nf^J ^ f mvention as represented in pnm»iy conductive material, this copper further in- 
m^;^l„« ; ^ «Jl»«r?ting examples of tiie eluding a Uiyer (e.g., plating) of predoua metal (e g 
mdtmg pomts of various materials used m Ums inven- gold) tiiereon. As furtiier defined herein below/at l^t 

45 one of tiiese conductive tiitough-holes wiU include a 
BEST MODE FOR CARRYINO OUT THE !?*f?i''y*' P'*'"^) of «notiier mebd (preferably 
INVENTION tm). The present mvention is not to be lunited to tiiese 

r;„, . . ^. particular materials, however, in that other materials 

For a better undeistaadmg of tiie present invention, may be ntifized quite suecesslWly. 
togetiter with odia and ftoher objects, advantages and so As defined haein. tiie metiiod of tiie present inv«. 
^^^^^rr''"^''"'^^'^' tioncomprisesarguhirS^^hSL'^S: 
S^^SiS d^.?^ ^'^^ f^^J^" ^««oomiection occur between at least two 

r^^^. A^^ . •«yered subassembUes to produce tiie final mnltikyered 

The f<^owug disclosure and associated drawings structure. Each subassembly is canable of l^ntTJ^T 
t^^''^?''^Sf-«^^*^y»aidrcmtbofd » ually tested and/oV^Sd pri^S STE^tio^^ 
assembly possessmg tiie unique characteristics defined and connection witii1«neeh\«^ .Aiit,v^i 'fT*''^" 
^SfofT*"^.*^ fin^^bly WiU mclude a bUes.~ dSu^^t K^^t^'S^IS^e' 
plu«hty of Uyered subassembUes joined togeflKr in a invention to indi^uaUy test ttdTbr reL^.S™^! 
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As wfllbe defined herein bdow. the invention utilizes to assure proper engagement (and therefore electrical 

Z^^^^Jl f IkJl^d bjmdbg CTLB), coupling) Ween SSy respLve^ of 

7^AU ^^^JT"^""^"^ "^'^ compensating for po^e lack of pl^ 

Ae^^i^^ln 5^ "^^^ ""^'T lurity in the respective dielectric Gortons of each Lb- 

the deposition of different conductive surface metals 5 assembly. Because the desired conductive X 

vjich together .re tten capable of forming a eutectic final mdtilayered struct^Se^S A^t^S 

SI beuig bonded must be comprised of paiis. including from opposing surfacTtKf^S 

hi^y conductive m^ such as copper, and coated ous inUimal conductivVky^ such as^"tm heX 

S,'"^''*'^'^*^"'^^*^""* '^'^ between r^^X^f 

tar^ t^^tSf 1^ • ^ absolutely essential to&e suS'u 

tai^ the resulting mterdiffusion thereby fonnmg a melt operation of the final product saccessiw 

^oi*S.tl^ ^ »• '»««ssembUes 20 and 30 are aligned such 

^tl^. -^S ^ ""^ "'i^'' metiULc surfaces. Signifi- that the respective bnd portions S3 of throu^SS 
cantty. the 11.B process does not require the use of flux are precisely aligned rdative to one mot^ Si™ifi 

b^Jv^'iS^t'ST "^T" ^'^«-,B"<»eing 15 candy, the uppef througSL^iTn^f 
between adjacent bondmg surfaces is reduced in com- layer of first metal (61) thereon, which metalT^of 

mficantiy. it is understood from the teachings herein 53 and cylindrical body Dortion 63 In a B«f«T«i«7 
tiiat the preset invention, while utilizing the advan- bodimeS each firTS^ToSi SZ^S ta" 

th^tltJ^^^ a significant miprovement over (e.g, pkted) of a thickness of from about 0 12 mils to 
the method m said apphcation and thus represents u> about 0.32 mils. When using copper ha^ a 

t no 1 ^2.^?S:f '^'^??^''J"?^^ thtoner thai the copj^e Sd 

bliS 20 «,d M^^hf ^ ^y«ed subasscm- 25 toyer 61 in subassembly 30 is of similar thickne^ 

h^ w^-^ f InadditiontotheabovefirstUyersonthe^pwr the 

S f^k^^ ^T! P^,»^=«of- As shown, each lowcrthroughholeof subassembly 30 fSrSdSa a 

Sdt«S^I «?.^.., "r"?. '>PP^^'9=^ represented by the numeral 65 in FIG. L As defined k 
« i^SL a^^^ r Preferably, didectnc 30 U.S. Pat No. 5080.414. this tin eveatiudly foiT^ 
««:I««des afiller material (e.g.. sdicon dioxide m tectic alloy with the gold during the TLB urocess 

bly 30 IS not shown but understood to exist) These The tin layer of 65 -may have a tiSdto«K nf fm™ 

^^^n^^^.'"' 1^^, f""" » about 0.04 mUs to i^utaTeSid^lS^ y^f" 
SfS^;^^^''-"*''^- pyJ""^ PO'tio" 55 of the 35 thickness of 0.10 mils when S a30 iS c^2«d 
through-hole and. m initial orientation (FIG. 1), arc 0.24 mil gold ^ 

located on the respective opposing outer surfaces of the Alignment of the two subassemblies 20 .„<i in j. 
pnseA of copper or snnilarly conductive metal as is art and further d<scriation is not 
S^S^SSS.^''^'^'"^*'*^'"*-'^'^"-'^ InFIO.2.b0^SS:S^b"^^3ias 

u^?^!^:,'! ■* "^^tood that the in- room temperati« and « a prcssuS*?^ S^200 
f^ l^^^^ ^ • "^-^ in that in a pre- pounds per square inch (psiJ^SXut 4S^l^?p^ 
tencd Mibodimeat of the mvention. several such 45 ferred embodiment, this oressure was 300^b^ TWn 
throu^-holes are utilized, la one embodiment of the sions of the plated ^S^^,I^^J^Z 

for aSSi^h"^ ^'^'^ ^ subassembly. controUed compressibility under sudb p«S^^ 
^ ?^ engagement to a respective. shown, this compressibility results in a ftffl^Sfece 
^mmiberofsuchthrough-holesiatheothersuba^ 50 contK* between Lpectiv"fi«ngsiS^^f'S^ 
i« - '•.,-.f_*-j u J- , portions 53 of each thiough-hole, thereby assuxine ef- 

eaS ^r^i'"''*'*^*- ^ oomiection thcrebeWTuSLiStu^ 

ofL^I^YA?^**^**^'*"*^A'°"'y»^'" connections occur at aU paired throuStotelo^S 
2^^bftlG i-JhS^rH," inthesecombinedsubassciE. Ass<^nG^S 

aT^J-^I^^ " FIGS.3and4).thesideswallsofthehallowcyUi^^ 

jL^r^^ . S ^ Sicknesses are portion 55 are of curved oonfigumtioT cyimdncal 

p«ab^ In a tayeied subassembly having an overall Most significantly, each thSlwlc at least t«ir- 
Aelectnc thickness Of about nine mils, and usmg tiaUy compr^to a redu^d^^driiVM^ 
through-holes having a central hoUow cylindrical por- sion 'W in 2S sK Jm!^ ^^5?.. • i 

^ tSfi-"^ *° about t«i mils, total copper thick- holes of the material, ukI ^I^^Z^^l^^e 
iKsses Wiethe range of about 0.2 mils to about one wei« utilized, this iesultinenS^Iir«^^^^! 

waswiSe^^SS.'SS^^^'S 
oonada»d cntical with respect to the present invention twenty percent sSch partial compiSlOTfa sto^fa 

£?elat^i?2^"* ^» Of S^^jSo" 

5 compress dwrng theinitial pb^ mation also occurs for the resp^tiveSSS^ 

hLK^^^^ aultilayered araut board defined 35 which are cowiected tTti^throSS cS 

herem. Such partial compresswn u deemed significant material This deformation is repn!s<mtrf^ toe^ 
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dcfonnatio:. no ?gnifica„t ^IvLe'tpS^^'^'^^ ;^ro?a^7SrS'rb:;r395^ ^ T 
conductive layers, including at the location of connec appro:Si^ e 330^ C mTinW ^ . ?^ ^^^^ 
Hon with the respective through-holes, oocuned. 5 FTT^nJl, C mcltmg point for the dielectric 

AsidsoseenfaiFI0.2,partllembSS^eUnd SJ£e^bu3l at^'r*^" ^1'°' ^• 
segments of each through-hole occurred within the ^^^^m<^t ^"'^ ^^""^ ^ 

respective, adjacent surface of the dielectric fit k^nti^ ™ ^ Significantly, this temperature is below the 
thaf^h^embedding ^c^t S^'^^Ji^^ w^T^.f,.** gold-tin<opper (second) alloy, 
subassembly 20. TWs results from di^^nl^.^Ji ,n and thereby prevent 

being en^i'edbyapla;^r'^siS^^^7u^S^ '° ^v^sSfSr^Se^LS" 'T^T 
compression process.) In comoarmc FIG 1 to Z^ZT T^^^^V .^^^^ clectncal connection be- 

grapS on Ho's. the <L.pr3.^? .mo 2 occS tF^r.f°"'''-^°'t'™* ^'^^ 

at the location represented by the letter "A" ATfiirtW . f ^' ''^ *^ cross-hatchmg identiHed by the 
s«n iu no. 2,^d1S of the vSus meik^h m ^^'"^ ^ * ^'''stantially soUd bond o4urs 

form part of UiedefSZS^o^ L oS^^^a^ ^Ji^V^''" °f 
this initial stage. "Ku noies nas occurred at through-hole. Further, this new aUoy is shown to ex- 

In the next step, as shown in FIG 3 the comnr^n 1*° °o«^waxdly along the internal surfaces of the 
subassemblies areL«S^^Jir^siS3v *°^^„*^»8h-liple. In the illustrated embodhnent, 
rf>ove that of the eat^c (MSS^d^Sf ^ «"°y/<r>*»io» « »<>t seen to occur along the inne; 
the gold and tin mc^l^rT^Tt^^lr^ surfaces of the upper through-hole, wherein the afore- 
mentioned pressure ofloTp/St^ if ^2^; "''^ ^^'> «ot utilized. The 
point ofthe dielectric FTFELterialW La resdS of demarcation between the two subas- 
gold and tin Uyers at least pS7mdt feiow^Uo S"*^'^ ^ '^e 
form whatcanLreferiedtla^fSovofSln homogeneous bonding between the respec- 
metaK In a preferred embS^^rSuf^bS ^Z^T' '^''"^ " '^'^ '^'^^ ''-<'^»''- 

w a'-pL^TrutioSr t?^^^^^^^^ .etS^-^^.'^i^?!^ r " ^ " ^ 

preferred time for this extended heating is «) nunut« „n.^«f™-^ subaaembhes are then cooled at a 

In addition to the gold-tin alloy as^nrf pSt^^ predetermmed rate, such cooling occurring at the 300 

siOB of the «.deri^g copperLo this^ij^^"; 5^,^:^^^ ^''^^fy^^^^^ 

at this stage. This first alloy is represented bv thc^ defined herem. In a preferred embodiment, 

cross-hatching in FIG. 3 and id^E bv Ae « " * ^' per minute 

7L In comparing HG 3 to i¥g S the s^^^^ T*^ ' temperature of about 260" C was r<i5ied. fol- 

HG. 3 can bc^rescnted by tte toto «K FI^ s ^"^"^ accelerated cooUng was accomplished. 

As shown in FIG. 5. i^Z^S. n^w «^ ^L^^^ TT'^ «>"iP"'«'^ 

die melting point of this fir^X bm ^^^^e ^ 

JsheingretainedatSS^^^irprtTe J^.^^ ^ «PP««i Pr«sure (300 psi) was 

Xtsjt'SuStnrtfm'^'jf'iSS th"?" r ^^"^ '^^^ - 

heating.Heatingatthisprcmre^«eS^SdS? 45 ^'^'^f'^'^y^,'^''^ '^V'^o^ be ^ ^ 

sionofthecopperi«toti.egold.^o?SSmwhl ^S^^' Alternatively, 

can be referred to aa a secoml alloy of the such aibassanbhes may be combmed with other subas- 

Importanfly. this new X^P^t mtSg Si w^Sl^** ^ accordance with the teachings 

substantially greater than AaVrf^dLteSi^ of ^ stncbac The teachings 

the fust aUoyfras second riliwrndtSrSiTlt ^ be used to produce printed drcnit boards of 

tiated in FIG. 5. litite eSETdS ^"^^^"•^ *f»»»i<«^<»«»> length) dimension 

using the metals and tespectinK^l^^efSS i^t^^t^Sn'S^ILS^^SS^'" 

new melting point was determined to be above 390' r fc, -Tu- V?. '""T" described a process 

Most importantty. this new alloV wh^ to forL « i multiUyered circuit board assembly 

pennaneS^metauiSd t^SetWftl ^^ve ss ISP,""-!^'^ subassemblies are uniquely 

paixsofthroughhol«rAsfo.^er1SFro.TSof ^u^fi^f^'^^'^'"^""'^''^^'^- 

the respective land portions 53 are suteum^^ui?« ^ i«pcctive pairs of thiough-holes 

embedded within tbl^^.e ^SSS^S^""' ^ ^^"^^ « Of^ed herm possesses 

During the aforwnento^ed step ^nfT^^l. a uT. of compressible 

holeofhoUowconfigunm^nprSes^2d^.S" *'0"8>'-»>«'l«.^W<'h ««ure effective engagement be- 

Specifically, excess C S Jlr^^tSTfl^ ^'^ ^"^'^ 

inwardly of the cylindrical body and n^an^tw.^ *yP'««"y r^d; and (2) 

direction (whichlould ^^J!^ltehM^7o^ nr '''I^V'? compressed subassein- 

adjacent bonding surfacrt^ ^ ''''f* T ""'^y ^ •>«l<«' Ae dielectric melting 

In the next step of the iilvention, as shown in FIG 4 65 ti^f Pff^^'f™?^ time period to assure forma- 



ter feature is oonadered particulariy noteworthy be- 
cause the formed bcmd between the respective through- 
holes substantially prevents melted dielectric from in- 
cursion therein, which could adversely affect the 
formed bond between these conductive dements. Sig- 
nificantiy, the invention substantially eliminates this 
from occurring to result in an end product of high integ- 
rity. 

While there have been shown and described what are 
at present considered embodiments of the invention, it 
will be obvious to those skilled in the art that various 
changes and modifications can be made therein without 
departing from the scope of the invention as defined by 
the appended claims. 

What is claimed is: 

I. In a multilayered circuit board including at least 
two layered subassemblies each including at least one 
dielectric layer having opposing surfaces, electrically 
conductive wiring m the form of at least one conductive 
layer, and at least one conductive through-hole therein 
having a cylindrical portion and opposing land seg- 
ments, the improvement wherem said layered subassem- 
blies arc aligned and engage one another, one of said 
land segments of said through-hole of one of said lay- 
ered subassemblies engaging and being bonded to one of 
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said land segments of said through-hole of another of 
said layered subassemblies, said bonded through-holes 
bong of compressed shape such that the side walls of 
said cylindrical portions of said compressed through- 
5 holes are of substantially curved configuration. 

2. The improvement of claim 1 wherein said cylindri- 
cal portions of said bonded through-holes arc hollow. 

3. The improvement of claim 2 wherein said side 
walls of said bonded through-holes are of a thickness of 

10 from about 0.2 mil to about 1.0 mil. 

4. The improvement of claim 2 wherein said cylindri- 
cal portions of said bonded through-holes each have an 
external diameter of from about 3 mils to about 10 mils. 

5. The improvement of claim 2 wherein said bonded 
15 through-holes are comprised of copper. 

6. The improvement of claim 2 wherein each of said 
land segments of said bonded through-holes are substan- 
tially fully embedded within a respective, adjacent one 
of said opposing siufaces of said dielectric layer. 

20 7. The unprovement of claim 2 wherein each of said 
conductive layers of said electrically conductive wiring 
is connected to a respective one of said bonded through- 
holes, said conductive layers being of bent configura- 
tion. 

25 * • ♦ » , 
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